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or Microbiological Assay 
of 
VITAMINS and AMINO ACIDS 


Bacto dehydrated media containing all the necessary nutriments 
and growth factors for the microbiological assay of vitamins 
and amino acids are now available from Difco. These basal 
media require only the addition of graduated amounts of the 
substance under assay to obtain linear growth of the test or 
ganism for construction of the standard curve. The vitamin or 
amino acid content of the material under assay is determined 
by adding appropriate concentrations of the test substance of / 
the basal medium and comparing the growth response obtained i 
with the standard 


MEDIUM BACTO. RIBOFLAVIN ASSAY MEDIUM 


BACTO-FOLIC ACID ASSAY 
BACTO-NIACIN ASSAY MEDIUM BACTO}THIAMIN ASSAY MEDIUM 

BACTO-PANTOTHENATE ASSAY MEDIUM TO} TRYPTOPHANE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEINUM BACTO)} VITAMIN Bl? ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been developed 

especially for carrying stock cultures and for preparation of 

i} the inoculum. 


TO}MICRO INOCULUM BROTH 
AGAR 


BACTO-MICRO ASSAY CULTURE AGAR BA 
BACTO.NEUROSPORA CULTURI 


BACTO’VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid 


hydrolysate of vitamin-free casein prepared especially for 


laboratories investigating mk robiological assay of vitamins 


Descriptive literature is available upon request. 


Specify “DIFCO” 
The Trade Name of the Pioneers in the Kesearch and Devel- 
opment of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 
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Efficient — Low Cast 
E & G MICROSCOPE LAMP 


for Microscopy, Macrophotography, 


Photomicrography, Microprojection 


A highly efficient, low cost light source for dark- or bright-field micros 
copy or photomicrography by transmitted or reflected light, for low 
power microprojection, and as a spotlight for photography. Transmitted Illumination 


FEATURES 


@ High intensity, point source of illumination provided by an automobile 4 : 
headlight type bulb. . . . Can be focused in a range of from 6" to ‘iid : 
infinity 


@ Built-in transformer to reduce voltage and give unusually long bulb life 
and the proper color temperature for use in color photography and 
photomicrography. 

@ Built-in iris diaphragm to contro! size of the spot of light, and an 
aspheric condenser. 


@ Housing adjustable to any angle. . . . Can be clamped up to 10" high 
to permit excellent illumination of opaque objects for microscopy or 
photography. 


@ Large weighted base to hold lamp stationary once it has been placed. 
@ Attractive black crackle finish. 


A-1494. E & G Microscope Lamp, complete with bulb, built-in trans- 
former and frosted daylight filter; for 110 v., AC only each $42.50 
Lamps to operate on 220 volts AC at no extra charge. 


A-14948. Bulb for E & G Microscope Lamp; GE Mazde 1493, 6.5 v., 
2.75 amp., double contect each $ .70 


Order from your Surgical Supply Dealer 


CLay-ApAmMs COMPANY, INC. 
141 EAST 25th STREET - NEW YORK 10 


Stewrcems else of 108 West Wesblegtee Street, CHICAGO 8. TLL. 
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STREPTOMYCIN CALCIUM CHLORIDE COMPLEX 
and CRYSTALLINE PENICILLIN G SODIUM 


Both of these important products are available to mem- 
bers of the veterinary profession from their usual source 


of supply, under a veterinary label, as illustrated. 


The high degree of purity of both Streptomycin Merck 
(Calcium Chloride Complex) Veterinary and of Crys- 
talline Penicillin G Sodium Merck Veterinary ensures 


full therapeutic potency with a minimum of toxicity. 


A package insert giving the indications, dosage, pre- 
cautions, and methods of administration accompanies 


each vial. 


WHEN YOU ORDER YOUR REQUIREMENTS — SPECIFY MERCK 


MERCK & CO., Inc., RAHWAY, N. J. 
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THis STUDY was undertaken as a contribu- 
tion to fundamental virus research and as 
a possible aid in the differential diagnosis 
of avian respiratory diseases. 

Infectious bronchitis was first described by 
Schalk and Hawn™ in 1931. The disease is 
characterized by a short incubation period, 
rapid spread, and short duration, with typical 
symptoms of sneezing, coughing, and respira- 
tory rales. Gross lesions consist of accumula- 
tions of mucus in the lower trachea and bron- 
chi, congestion and edema of the lungs and, in 
some cases, cloudiness of the air sac mem- 
branes with accumulations of cheesy material. 
Facial swellings may be observed in young 
chicks. In some chickens, a nasal exudate may 
be present. 

Histologic studies of the disease in chickens 
by Hofstad” showed a thickening of the tra- 
cheal mucous membrane and submucosa, due 
primarily to edema and diffuse leucocytic in- 
filtration, but with little desquamation of the 
epithelium of the tracheal and bronchial mu- 
cosa. Inclusion bodies were not observed. Sig- 
nificant changes were not seen in sections of 
the liver, spleen, and kidney. 

The morbidity is high. The mortality of 
young chicks is usually high while, with semi- 
mature and adult chickens, the mortality is 
negligible. In laying flocks, there is a tempo- 
rary lowering of egg production.’**"""* 

Chickens recovered from the disease are 
immune, and neutralizing antibodies are pres- 
ent in the blood. * Neutralizing antibodies 
are present in eggs laid by immune hens. 
Chicks hatched from such eggs may have a 
naturally acquired passive immunity for as 
long as four weeks.” Recovered chickens may 
remain potential carriers,” " There is no im- 
munologic relationship to the viruses of other 
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Virus 


respiratory diseases of chickens. Relatively 
avirulent strains of the virus may occur in 
nature,” 

The virus may be airborne but ultraviolet 
irradiation of air has been unsuccessful for 
control of the disease.” 

The virus is capable of passing through all 
grades of Berkefeld and Seitz filters.'*" 

Electron microscopy has shown the virus to 
be round, with a mean diameter of 90 ma. Fila- 
mentous projections may be present on some 
virus particles.” 

Beaudette and Hudson’ were the first to cul- 
tivate the virus in embryonating chicken eggs. 
For the first few passages in eggs, inoculated 
on the chovioallantoic membrane, the virus was 
relatively nonlethal to the embryos. The virus 
increased in virulence during subsequent pas- 
sages and was lethal to the majority of the 
embryos. Increased virulence of the virus for 
embryos was accompanied by a decreased vir- 
ulence for chicks. Gross lesions consisted of 
dwarfing of the embryo to about one-half nor- 
mal size and congestion of the liver. Yolk sac 
vessels were injected and the yolk material 
was semisolid. The chorioallantoic membrane 
was thinner than normal and adherent to the 
inner shell membrane. Lesions were not pres- 
ent on the membrane. 

Delaplane and Stuart” studied a Rhode Is- 
land strain and the New Jersey strain of the 
virus and confirmed the observations’ of em- 
bryo dwarfing following inoculation on the 
chorioallantoic membrane. Gross lesions con- 
sisted of whitish foci on the liver and conges- 
tion and swelling of the kidneys. Whitish, 
opaque lesions were present on the chorioallan- 
toic membrane. 

Deiaplane” later reported the allantoic sac 
route to be superior to the chorioallantoic mem- 
brane route for initial isolation of the virus, 
as evidenced by dwarfing of embryos on the 
first passage. 

Fabricant” confirmed the findings of Beau- 


L 

J 
a 

| 

: 

: 

‘ 

j 

ie 


246 LooMIs 


dette and Hudson,” Delaplane and Stuart,” 
and Delaplane” as to the gross alterations of 
embryos infected with the virus on initial isola- 
tion. In addition, a “curling” of the embryo 
was observed, in which the embryo was curled 
in a ball-like shape due to a bending of the 
longitudinal axis of the embryo on its ventral 
surface, Curling preceded dwarfing and could 
occur in infected embryos of normal size. These 
changes were associated with a decrease in size 
of the amnion and a decrease in the amount 
of amnionic fluid, Curling was considered to 
be the significant lesion produced by the virus. 
In some instances, it was necessary to make 
more than one passage of the virus in eggs be- 
fore typical lesions were produced. Of 116 
isolations, 46 per cent were diagnosed on the 
first passage, 55 per the 
per cent on the third, and 1 per cent on the 
fourth passage. The virus was from 
chickens with respiratory symptoms one to 
twenty-one days after the onset of the disease. 

Adaptation of the virus to embryos by suc- 
passages results in an increased vit 
ulence for embryos and a decreased virulence 
for chicks paralleled by a loss of antigenicity. 
Egg-adapted virus, reisolated after passage 
through chickens, does not regain the charac- 
teristics exhibited by the virus on initial isola- 


cent on second, 20 


isolated 


ceasive 


tion in eggs Completely modified or egg 
adapted virus will kill all embryos within 
forty-eight hours." These embryos seldom 


show lesions other than dwarfing and conges- 
tion and swelling of the kidneys. Egg-adapt- 
ed virus, although nonantigenic, is neutralized 


by immune serum.” 
Egg-adapted subcultures of Beaudette and 
Hudson’'s® strain of the virus have been used 


in several studies of certain properties of the 
virus, 


PROCEDURE 

The strain of virus used (lot 258) 
plied by Dr. Henry Van Roekel, Department of 
Veterinary University of Massachu 
setts. This isolated in May, 1941, 
from laboratory chickens that had contracted 
a natural infection. Since that time, the virus 


was sup- 


Sc lence, 


strain was 


has been propagated in chicket nly and has 
been used for vaccination against infectious 
bronchitis in the Massachusetts control pro- 


gam.” 

The virus sample was received as a saline 
suspension of washings from the trachea and 
bronchi of an adult chicken showing typical 
symptoms of the disease on the third day after 
inoculation. Two passages were made in sus- 
ceptible 3-week-old chicks, intranasal 
and intratracheal routes of The 
supernatant fluid of a pooled lung and tracheal 
from 3 chicks, exhibiting typical 
the third day after 
with the second passage of the virus, was used 


using 


inoculation 


suspension 


symptoms on inoculation 
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The 


suspen- 
addition 


for the initial egg inoculations 
sion was rendered bacteria-free by the 
of penicillin and streptomycin at the rate of 
10,000 units and 0.01 respectively, per 
milliliter of suspension. 

Ten-day White Leghorn embryos were used 
throughout the study. Ineculation was via the 
allantoic sac. Eggs were transilluminated for 
selection of an area of the chorioallantoic mem- 
brane free of large blood vessels about 3 mm. 
below the air cell. A was drilled 
through the shell, without piercing the shell 
membrane, by means of a small drill attached 
to the chuck of an electric motor. Another hole 
was drilled through the the top of 
the air cell. Tincture of metaphen was painted 
over the holes and allowed to dry. The shell 
membrane over the top of the air cell was 
punctured with a sterile teasing needle to allow 
equalization of pressure within the egg when 
the inoculum was injected the allantoic 
sac and to prevent leakage of the inoculum 
from the site of injection. After injecting the 
inoculum, 0.2 cc. per egg, B-D Yale, 
l-ce. capacity, tuberculin syringe fitted with a 
27-gauge, %-in. needle, the holes in the shells 
were sealed with melted paraflin and the eggs 
returned to the incubator All incubation was 
at 99 F. (wet bulb thermometer, 88 F.) in an 
electric, forced-draft incubator.” 


Gm., 


small hole 


shell over 


into 


using a 


In all, 530 embryos were inoculated for the 


eight passages of the virus, with a range of 
45 to 110 embryos (ave. 66 embryos) per pas- 
sage. A total of 120 uninoculated embryos 


was used as controls, with a range of 10 to 30 
embryos (ave. 15 passage. In- 
fected allantoic fiuid was collected on the third 
postinoculation day and used as inoculum for 
the next The shell over the air cell 
was painted with tincture of metaphen and 


embryos) per 


passage. 


then cracked and removed with forceps. The 
allantoic fluid was collected with a 5-cc. Luer 
syringe fitted with a 20-gauge, 1'4-in. needle.” 


Specimens were ct llected for gross and his- 
tologic examinations on the third to ninth post- 
noculation days. The eggs were candled and 
equal numbers of living, infected embryos and 
The shell over 
the air cell was cracked and removed with for- 
the membrane was rup- 
and the egg was inverted to deposit the 


control embryos were selected 


ceps, chorioallantoic 


tured, 


embryo in a Petri dish. Observations were 
made of the gross lesions and the embryo was 
photographed. The abdominal cavity was 


opened and the embryo placed immediately in 


fixative. Zenker's, Zenker’s formol (Helly’s), 
and Bouin's solutions were used. Other em- 


bryos were dissected and the internal organs 

removed for examination and photography. 
The tis 

paraffin The sect 


hematox ylin-cosin 


processed and « mbedded in 
the 
regressive 


sues were 
tained by 
The 


acid 


ions were 
method 


employing alcohol 


prox edure 


staining 
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(ethyl alcohol, 95%, HC1, 1%) was used. Wol- 
bach’s variation of the Giemsa stain was also 
used, especially to detect myelogenous tissue.* 


RESULTS 

Candling of Eqqgs.—Gross alterations of 
the infected embryos could be detected 
easily by candling the eggs. The embryo 
was dwarfed, with a typical curled position, 
and did not have normal free motion when 
the egg was sharply rotated. Movements of 
the embryo were noticeably slower and 
weaker than normal. Large vessels of the 
chorioallantoic membrane were more prom- 
inent than normal but the membrane had 
an anemic appearance, which was possibly 
due to impaired capillary circulation, This 
change was most noticeable on the third or 
fourth day after inoculation. 

Gross Alterations of Embryos and Extra- 
embryonic Membranes.—In_ general, the 
gross alterations agreed with those pre- 


viously 

The chorioallantoic membrane appeared 
thinner than normal and was adherent to 
the shell membrane. Despite the appear- 
ance of thinness, the membrane was thicker 
and more opaque than normal when fixed. 
Edema was observed at the junction of the 
chorioallantoic membrane to the amnionic 
membrane. The proliferation of islands of 
tissue described by Delaplane and Stuart'® 
were not observed. 

The amnionic membrane was thickened, 
opaque, and had a dry, fibrotic inner sur- 
face. The membrane was adherent to the 
embryo, resisted removal, and restricted 
embryo movement. The volume of amnionic 
fluid was considerably less than normal. 

The most marked alterations of the em- 
bryo were the curled position, wry neck 
with lateral curvature, and dwarfing to 
about one-half normal size. The embryo 
was curled into a firm, round mass with the 
feet deformed and compressed over the 
head (plate I, fig. 1, 2, 3). Feather devel- 
opment was immature and the feathers 
were drier than normal. About one third of 
the embryos showed jaundice. Dermal 
petechiae were occasionally present. No ab- 
normal odor was noticed. In about one 
fourth of the embryos, the cloaca was dis- 
tended with white fatlike droplets (plate I, 
fig. 3). Retardation of development of the 
body walls in infected embryos frequently 
resulted in an incomplete closure of the 
abdomen. 
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Approximately, 1 te 2 per cent of the in- 
oculated embryos failed to show gross alter- 
ations and resembled normal embryos in 
every respect (plate I, fig. 1, 3). 

Gross Alterations of Embryo Organs. 
All livers showed extensive hepatitis 
with hemorrhages uniformly distributed 
throughout the tissue or under the serosa. 
They were dark red to purple instead of the 
yellowish, fatty appearance of normal livers. 
About one third of the livers exhibited 
marked biliary discoloration which occurred 
either at the edges or throughout the liver, 
especially in the ventral area adjacent to 
the gall bladder. Whitish or yellowish 
necrotic alternating with hemor- 
rhagic areas, were observed on the surface 
of some livers (plate I, fig. 4). 

Lung development was markedly retarded 
and the lungs were about one-half normal 
size, of soft consistency and pale pink. A 
thin, tenacious, serous exudate was invari- 
ably present and could be easily detected 
when the lungs were examined on a glass 
slide (plate I, fig. 4). In about two thirds 
of the fresh or fixed embryos, the lungs 
were adherent to the thoracic walls by fi- 
brotic strands and were removed with diffi- 
culty. 

The kidneys were swollen and edematous, 
somewhat firmer than normal, and ex- 
hibited yellowish foci which were consid- 
ered in part to be urate crystals. Biliary 
discoloration, due to excessive bile, was ob- 
served in some kidneys from these em- 
plate Il, fig. 2 

In all embryos, the heart was noticeably 
decreased in size (plate I, fig. 4). The 
spleen was enlarged to twice normal size. 
No changes were observed in the brain. 

The yolk sac membrane was extremely 
friable and invariably ruptured when the 
embryo was removed from the shell. 

The bones were softer than normal and 
immature in development with regard to 
length, rigidity, and diameter. The leg 
bones and tarsal joints were deformed 

plate I, fig. 1, 2, 3). 

Microscopic Alterations of Embryo Or- 
Early manifestations of virus ac- 
tivity were produced in the hepatic vas- 
cular system ; Severe 


areas, 


bryos 


plate II, fig. 3 
congestion with perivascular “cuffing” was 
seen throughout the liver by the sixth day, 
and pyknosis and karyorrhexis of the nuclei 
of hepatic cells began to appear. Coagula- 
tion necrosis with nucleolysis was observed 
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to involve whole lobes of the liver. The 
periphery of these abscesses was ringed by 
granulocytic and monocytic cells. Nearby 
areas exhibited hemorrhage and congested 
hepatic blood vessels. The cells of the inter- 
lobular bile ducts underwent the same de- 
generative changes, and at the same time, 
as the hepatic cells. Extensive hemorrhage 
beneath Gliason’s capsule frequently 
noted. The reaction of the reticulo-endo- 
thelial system (Kupffer cells) was masked 
by the severe blood vascular reaction. Some 
livers were extensively stained with bile 
pigments within the hepatic cells, but the 
microscopic alterations were accompanied 
by the same degenerative stages as the hem- 
orrhagie reaction described above 

Normal fatty changes of the liver did not 
take place in the majority of the livers 
Fat vacuoles present in the normal hepatic 
cella were noticeably absent in the patho- 
logic hepatic cells. 

Pneumonia, characterized by congestion, 
granulocytic and monocytic infiltration, to- 
gether with a serous exudate in the bron- 
chial sacs, was found in all lungs (plate I, 
fig. 4). These were distributed 
evenly throughout the lung and were ap- 
parent fifth day. While 
moderate desquamation of epithelial cells 
of the bronchial sacs occurred, no areas of 
extensive necrosis or formation 
were found, Infiltration of vascular 
ments and serous exudation and desquama- 
tion progressed in severity as hatching age 
was reached. The smooth muscle cells at 
the edges of the bronchial were hy- 
alinized to a uniform and extensive degree 
especially after the sixth or seventh day. 


was 


reactions 


as early as the 


abacess 
ele- 


CUNNINGHAM 


GRAY—-THORP 


These hyalinized areas were infiltrated later 
with granulocytes and monocytes. Inter- 
stitial edema was not observed 

The bronchioles and bronchi contained a 
granular, 
granulocytes, mono- 
but no diph- 
membrane necrosis, or 
formation observed 

In the kidneys, interstitial nephritis with 
edema and distention of the proximal con- 
voluted tubules with large, hemoglobin-like 
casts were the early lesions observed (plate 
Il, fig. 1 Most changes occurred in the 
metanephros. Due to the immaturity of the 
tissue, the granular appearance of some 
tubular epithelium was difficult to evaluate. 
In other areas, marked extrusion of cyto- 
plasm from the ruptured epithelial 
into the lumen of the tubules was seen. 

The majority of the glomeruli did not 
seem to be altered. The intraglomerular 
space was clear and Bowman's capsule was 
of normal thickness and was not adherent 
to the glomerular tuft. A few sections 
showed dilated glomerular spaces, some con- 
taining epithelial 
rounded by granulocytic 
eruli observed to 


serous exudate composed of fine, 
eosinophilic particles, 
cytes, and epithelial cells, 
theriti 


abscess 


extensive 


was 


cells 


desquamated cells sur- 
cells. Other glom- 
be enlarged with 
swollen capillary tufts plugged with granu- 
locytes. Vacuolization of endothelial 


in these capillaries was noted 


were 


cells 
A few sec- 
dissolution of the 
left an intact 
the 
near areas of focal 
necrosis of tubular epithelium. 


tions contained areas of 
glomerular tuft that 
ment membrane surrounding 
débris. This occurred 


base- 
tissue 


The renal vascular system exhibited ex- 
treme congestion of both arteries and capil- 
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Fig. 1—Top: Sixteen-day-old infected embryo [first passage of virus, sixth day after infection) showing 
dwarfing, curling deformity of tarsal joint, opacity of extraembryonic membranes, and firm consist- 
ency of yolk material. 


Bottom: Sixteen-day-old normal embryo 


Fig. 2—~Seventeen-day-old infected embryo (eighth passage of virus, seventh day after infection) show- 
ing typical, pathognomonic, curled position, with feet deformed and compressed over the head 
Fig. 3—Top: Seventeen-day-old infected embryo [first passage of virus, seventh day after infection) 
showing dwarfing deformed feet and tarsal joint, immature feather development and cloaca distended 
with fatlike droplets. 


Bottom: Seventeen-day-old normal embryo 
Fig 4—Top 


liver, and heart from 


Lung 


19-day-old 


infected embryo [eighth passage of virus 


ninth day after infection). Retardation of lung development, pneumonia, and viscid, serous exudate on 

the surface and periphery of the lungs. Hemorrhagic hepatitis with @ necrotic area on the posterior tip 
of the right dorsal lobe of the liver 

Bottom: Lung liver, and heart from 19-day-old norma! embryo. 
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CHICKEN EMBRYO INFECTED WITH BRONCHITIS VIRUS 


laries. Some large areas of both subcap- 
sular and interstitial hemorrhage, which 
were probably due to erosion of arterioles, 
were observed surrounded by layers of 
granulocytic and monocytic cells. 

Excess hemoglobin and many hyaline- 
like clumps of material were present in the 
spleen. Clumps of eosinophilic material in- 
dicated débris from excessive erythrocyte 
destruction. Some capillary congestion was 
observed but no areas of necrosis were 
present. 

Slight capillary congestion was the only 
alteration observed in the brain. The yolk 
sac membrane showed capillary congestion. 
No cellular changes were observed in the 
bone. 

The chorioallantoic membrane was ede- 
matous, and marked proliferation of the 
cells was observed in the mesoderm and 
ectoderm. No areas of hemorrhage or necro- 
sis were observed (plate II, fig. 5). The 
amnionic membrane was edematous. 

Inclusion bodies were not observed.*? 


DISCUSSION 


Curling and dwarfing of embryos are in 
agreement with earlier 
These gross alterations of the embryo are 
considered to be pathognomonic of infec- 
tion with infectious bronchitis virus. In- 
oculation via the allantoic sac was a satis- 
factory method of propagation of the virus. 
Gross alterations of the embryo and the 
extraembryonic membranes were observed 
on the first passage of the virus. 

Brandly, Thorp, and Prickett' reported 
that intravenous injection of normal chick- 


en, whole blood, or leucotic material in em- 
bryos produced perivascular infiltration in 
the liver, a decrease in kidney size without 
lesions, and enlargement of the shafts of 
the long bones. Infectious bronchitis virus 
produced much more severe liver lesions, 
enlargement and extensive lesions of the 
kidney, and a decrease in the size of the 
bones. 

The kidney lesions produced by infectious 
bronchitis virus resembled those described 
by Jungherr and Matterson'* for avian 
monocytosis, but there was no thickening 
of the basement membrane or protein pre- 
cipitate in Bowman's space with infectious 
bronchitis virus. Extensive and 
marked vascular reaction indicated a more 
severe tissue reaction with infectious bron- 
chitis virus. 

Although cuffing of hepatic vessels is 
comparatively rare, Murphy** reported a 
similar reaction in embryo liver and kidney 
following injection of sterile tissue inocu- 
lum. Murphy concluded that cuffing was the 
result of splenic stimulation. Bronchitis- 
infected were twice 
normal size but were not as large as those 
described by Murphy. Cuffing occurred in 
about one third of the livers from bron- 
chitis-infected embryos. When combined 
with the typical gross alterations of the em- 
bryo and the other microscopic changes pre- 
viously described, cuffing could be consid- 
ered as an aid in diagnosis of infection with 
infectious bronchitis virus but not as a 
sp°cific lesion. In view of the extensive 
liver lesions, it would seem that infectious 
bronchitis virus was viscerotropic in em- 
brvyonating chicken eggs. 


necrosis 


spleens increased to 
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Fig. |\—Kidney from !7-day-old infected embryo [eighth passage of virus, seventh day after infection) 
showing plugging of proximal convoluted tubule with hemoglobin-like cast at lower left. Edematous 
tissue with disinteqrated tubules at center. Dilated glomerular space containing desquamated cells with 
an enlarged and congested glomerular tuft. 135 « 
Fig. 2—Left: Kidneys from |8-day-old infected embryo [eighth passage of virus, eighth day after 
infection) showing decrease of size of pelvic girdle and enlargement of kidneys. Bile pigmentation of 
kidney on upper left and necrotic foci of kidney on lower left. 


Right: Kidneys from 18-day-old norma! embryo. 


Fig. 3—Liver from |5-day-old infected embryo [eighth passage of virus, fifth dey after infection) show- 
ing perivascular cuffing with cells of the granulocytic series. 90 x. 


Fig. 4—Lung from 18-day-old infected embryo (eighth passage of virus, eighth day after infection) 
showing pneumonia with serous exudation, and granulocytic and lymphocytic infiltration. The bronchial 
sacs are filled with serous exudate containing granulocytic and desquamated epithelial cells. 90 x 
Fig. 5—Chorioallantoic membrane from 15-day-old infected embryo (third passage of virus, fifth day 
after infection) showing edema and cellular proliferation of the mesoderm and ectoderm. 135 x 
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Delaplane’’ reported that embryos in- 
fected with infectious bronchitis virus did 
not live after hatching. The extensive lung, 
liver, and kidney alterations observed in 
this study would explain the failure of the 
embryos to survive. 

This study was not designed for a com- 
parison of mortality of embryos in the dif- 
ferent passages of the virus, as embryos 
living on the third to ninth days were used 
for examination of gross and microscopic 
alterations. Fifty per cent of the inocu- 
lated embryos were dead by the fifth day in 
all passages and about 1 to 2 per cent sur- 
vived to hatching age. It is possible that 
some of these living embryos would have 
succumbed to the virus if they had not 
been removed from the incubator. 


SUMMARY 


Chicken-propagated infectious bronchitis 
virus injected into 10-day -embryonating 
chicken eggs via the allantoic sac produced 
the following alterations of the embryos on 
the first and seven subsequent passages of 
the virus: 


Gross ALTERATIONS 


1) The chorioallantoic 
adherent to the shell membrane 
peared thinner than normal. 

2) The amnionic membrane was thick- 
ened, dry, fibrotic, resisted removal from 
the embryo, and restricted embryo move- 
ment. The volume of amnionic fluid was 
considerably leas than normal. 

8) Living, infected embryos were slug- 
gish and weak. 


was 
ap- 


membrane 
and 


4) Embryos,were dwarfed as much as 
one-half norma} size and had a firm, ball- 
like shape characterized by a curled posi- 
tion with a wry neck and the feet deformed 
and compressed over the head. Bones were 
softer than normal and immature in devel- 
opment. The leg bones and tarsal joints 
were deformed. 

5) Feather development was immature 
and the feathers were drier than normal. 
The skin and feathers were icteric and der- 
mal petechiae were observed in some em- 
brvos, No abnormal odor was noticed 

6) In about 25 per cent of the embryos, 
the cloaca was distended with white fatlike 
droplets. 
the 


7) Retardation of development of 


HORP 


body walls frequently resulted in an incom- 
plete closure of the abdomen. 

&) Yolk material was of a firmer con- 
sistency than normal. 

9) Internal organs: 

a) Livers were either hemorrhagic, 
icteric, or contained necrotic foci. 

b) Kidneys were usually swollen, ic- 
teric, and contained some necrotic 
foci, 

Lungs were small, pale, and viscid 
with a serous exudate. 
Heart was about one-half normal 


size. 
Spleen was enlarged to twice nor- 


mal size. 
10) Approximately, 1 to 2 per cent of 
the inoculated embryos did not show gross 
alterations. 


Microscopic ALTERATIONS 
11) There was an excessive proliferation 
of the cells in the mesoderm and ectoderm, 
and edema of the chorioallantoic membrane. 
12) The amnionic membrane was ede- 
iatous, 
13) Internal organs: 
Hepatic hemorrhage, necrosis, and 
abscess formation. 
Pneumonia with marked serous ex- 
udation. 
Interstitial nephritis and necrosis 
were observed. 
Congestion of the spleen. 
Slight capillary congestion of the 
brain. 
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Studies on a Pasteurella Multocida Chicken Embryo Vaccine 
I. The Comparative Immunizing Value of Broth 
Embryo Vaccine in Mice 


Bacterins and a Chicken 


G. R. CARTER, D.V.M., M.S. 


Ames, lowa 


PASTEURELLA MULTOCIDA is generally con- 
sidered to the cause of sporadic out- 
breaks of disease in the lower animals. The 
annual losses of livestock and poultry caused 
by pasteurellosis are heavy, and livestock 
owners throughout the world are spending 
large sums of money each year on commer- 
cial biological products for the prevention 
of this disease. 

The purpose of these studies, of which 
this paper is the first to be published, was 
to develop a more effective active immuniz- 
ing agent for the prevention of pasteurel- 


losis. 


be 


LITERATURE 


No attempt will made to review the 
abundance of literature in connection with the 
Pasteurella producing acute infections in the 
lower animals. Comprehensive surveys of the 
literature have been made by Rosenbusch” and 
Reis, Nobrega, and Reis.” 

Kyaw’ used the developing chicken embryo 
for the study of the virulence of various Pas- 
teurella or Pasteurella-like organisms. Inocu- 
lums were dropped on the chorioallantoic mem- 
branes of 14-day embryos. Using the same 
route of inoculation, Kyaw,’ in a later investi- 
gation, studied the pathogenesis of Pasteurella 
infection the developing chicken 


be 


septica in 
embryo. 

chloroform-processed vaccine prepared 
from yolk sac infected with Bacterium tula- 
rense was found by Coriell, Downs, and Clapp’ 
to elicit very little protection in mice. 

Eveleth, Goldsby, and Nelson‘ found that 
cultivation of P. for forty-eight 
hours in 10-day chicken embryos restored the 
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virulence of strains that had become avirulent. 
Inoculations were made into the chorioallan- 
toic sac. 


MATERIALS AND METHODS 


Origin and Maintenance of Culture.—The 
P. multocida strain used in this investigation 
was a type 1 culture according to the serologic 
classification of Little and Lyon.” The group 
1 strains of Rosenbusch and Merchant,” from 
the standpoint of agglutination, are identical 
to the type 1 cultures of Little and Lyon." The 
description and characteristics of the strain 
used concur with those given for P. multocida 
in Bergey’s manual,’ except that hydrogen sul- 
fide production was not detectable. 

All cultures were kept on tryptose-agar 
slants. The culture tubes were rubber-stop- 
pered and stored at room temperature. Packer” 
has observed that P. multocida cultures, when 
kept in this manner, will remain viable for 
longer than a year. In view of the ease with 
which the virulence of stock cultures was re- 
stored by embryo passage, the use of lyophil- 
ized virulent cultures was considered unneces- 
sary. 

Cultures were routinely plated on clear tryp- 
tose agar to which had been added 5 per cent 
sucrose. The addition of sucrose increased the 
fluorescence of the colonies On this medium, 
the blue, intermediate, and fluorescent colo- 
nies" could be identified readily. The tryp- 
tose broth used for bacterin cultures was forti- 
fied with bacto-beef extract and bacto-yeast 
extract. Serum agar was not used because of 
the possibility of serum sensitization.” 

Fertile Eggs.—These were obtained from a 
flock with no history of fowl cholera. 

Experimental Mice.—The Carworth Farms 
Webster (CFw) strain of mice (Swiss Albino) 
were used for the immunity experiments. This 
strain is said to have reached a high degree of 
homozygosity. The mice were entirely free of 
infectious diseases during the course of the 
experiments. 


PROCEDURE 


Preparation of Chicken Embryo Vaccine and 
Broth Bacterins.—The type 1 culture was first 
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transferred from a stock tryptose-agar slant 
to a tube of tryptose broth. After incubation 
at 37 C. for eight hours, 0.1 ml. of the broth 
culture was inoculated into the chorioallantoic 
sac of a 10-day chicken embryo. This inocu- 
lated egg was incubated at 37 C. for twenty- 
four hours. From this egg, 0.1 ml. of allantoic 
fluid was inoculated into a second 10-day em- 
bryo by the allantoic route. On the third pas- 
sage, the culture attained peak virulence, kill- 
ing the embryo in less than twelve hours. 

The chicken embryo vaccine was prepared 
as follows: (1) Two, 10-day embryos were in- 
oculated with 0.1 ml. each of allantoic fluid 
from the third passage egg. These embryos 
were incubated for twenty-four hours. The 
following purity tests were conducted: (a) 
Gram-stained smears from the allantoic fluid 
were examined. (b) A loopful of each culture 
was streaked on a tryptose-sucrose agar plate. 
(c) Presumptive identification was made on 
the basis of indol production and carbohydrate 
fermentation. (2) After incubation, the con- 
tents of the two eggs were added to 100 ml. of 
normal saline. This mixture was comminuted 
in a Waring blendor for several minutes, after 
which it was measured and transferred to a 
sterile flask. Sufficient formalin was added to 
the preparation to give a final concentration 
of 0.25 per cent. The flask was then stored in 
the refrigerator for seventy-two hours, since 
Priestley” observed that incubation at 37 C. 
for longer than twenty-four hours resulted in 
a diminution of the capsular material. 

Gram-stained films from the allantoic and 
amnionic fluids, the yolk, and the viscera of 
the infected embryos disclosed large numbers 
of gram-negative organisms. 

The bacterins were prepared in the follow- 
ing manner: (1) One flat-bottomed, cotton- 
plugged flask containing 50 ml. of tryptose 
broth was used for the culture of each bac- 
terin. (2) Each flask was inoculated with 
0.1 mi. of allantoic fluid from the third embryo 
passage. Details in regard to mediums and in- 
cubation times of each bacterin are given in 
table 1. (3) Purity tests as described pre- 


TABLE |—Mediums and Incubation Times 


Bacterin Incubation 
titre 


(No. Mediums 


Tryptose-broth 24 hours 
2 Tryptose-broth hours 
4 Tryptose-broth 4 5 sucrose 24 hours 
5 Tryptose-breth 72 hours 


viously were conducted on each bacterin cul- 
ture. (4) To each bacterin culture, sufficient 


formalin was added to give a final concentra- 
tion of 0.25 per cent, after which the cultures 
were stored in the refrigerator for seventy- 
two hours. 
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The embryo vaccine and the broth bacterins 
were tested for sterility in the following man 
ner: (1) 0.5 mi. of each preparation was in- 
oculated intraperitoneally into 3 mice. These 
were observed for three days. (2) 0.25 ml. of 
each preparation was inoculated into a tube 
of liquid thioglycollate medium. (3) 0.25 ml. 
ef each preparation was streaked on a tryp- 
tose-sucrose agar plate. All mediums were 
incubated at 37 C. for three days. 

Immunization._Six groups of female mice, 
18 to 20 Gm. in weight, were selected for im- 
munization. The numbers in each group and 
the inoculation schedule are given in table 2. 
All inoculations were made intraperitoneally. 
Fourteen days after the second immunizing 
dose, all mice were challenged. 


TABLE 2—Number of Mice in Groups and 
Immunization Schedule 


Inoculations 


No. in group Ist day fth day 
Bacterin 1 20 0.25 mi 6.25 ml 
tacterin 2 20 0.25 mi 0.25 ml 
Hacterin 4 20 6.25 mi 0.25 mil 
5 0.25 mi 0.25 mil 
Chicken embryo 
vaccine 20 0.25 mil 6.25 mil 
Controls 20 0 


Method of Challenge.—The challenge culture 
consisted of allantoic fluid from a third pas- 
sage embryo infected with the homologous 
type 1 culture. One milliliter of allantoic 
fluid was removed aseptically from the em- 
bryo and transferred to a tube containing 9 
ml. of sterile, 1 per cent peptone water. Daniel- 
son* found it advisable to use 1 per cent pep- 
tone water, rather than saline, because in the 
latter the viability of the organisms dimin- 
ished rapidly. The following dilutions in pep- 
tone water were made; 10°, 10°, 10°, 10°, 
10°, 10°, and 10°. These dilutions were ob- 
tained by the serial transfer of 1 ml. from the 
1: 10 dilution through eight tubes containing 
9 ml. of sterile, 1 per cent peptone water. Each 
mouse in the six groups was challenged in- 
traperitoneally with 0.5 ml. of the diluted chal- 
lenge culture. The challenge dilutions used 
and the number of mice of each group chal- 
lenged with each dilution are given in table 3. 


RESULTS 


Only deaths occurring within four days 
of challenge were recorded. Preliminary 
work had shown this period to be adequate. 
Dead mice were identified and removed 
from the cages at six- to eight-hour inter- 
vals. They were either cultured after col- 
lection or stored in the refrigerator pending 
culture the following morning. 
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Twenty-five per cent of the dead mice 
that had been immunized with the broth 
bacterins and the control mice were cul- 
tured, All the dead mice in the embryo vac- 
cine-immunized group were cultured. Pre- 
sumptive identification was made in the 
manner outlined for the purity tests. 
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for the prevention of pasteurellosis, data 
relative to its lability under various condi- 
tions should be obtained. It is likely, con- 
sidering the findings of Priestley’? in con- 
nection with the thermolability of the 
immunogenic capsular substance, that the 
vaccine will have to be preserved by lyo- 


TABLE 3—The Comparative Immunogenicity of Broth Bacterins and a Chicken Embryo Vaccine 


Deaths per 


1 

Hacterin 2 

Hacterin ¢ 

liacterin 

Chicken embryo vaccine 
Controls 


Numerator died, denominator 

The number of mice dying in each dilu- 
tion group challenged is recorded in table 3. 
The lethal dose (1.d.),.. determinations were 
calculated by the method of Reed and 
Muench.'* The protective values of the 
broth bacterins and the chicken embryo 
vaccine are expressed in terms” of the 
logarithm protection index X10, rather than 
by the arithmetic expression of the num- 


ber of Ld.,, doses against which protection 
was elicited. It was believed that by record- 
ing the protective values in this manner the 


differences between the broth bacterins 
would not be unduly stressed. The chicken 
embryo vaccine group of mice as compared 
with the control group were protected 
against more than 1,700 ld. None of the 
broth bacterin groups of mice similarly 
compared were protected against more than 
six Ld. 

Organisms presumptively identified as P. 
multocida were recovered from all of the 
mice cultured, with the exception of the 
embryo vaccine mouse challenged with the 
107 dilution. Proteus vulgaris only was iso- 
lated from this mouse. 


DISCUSSION 


The immunogenic superiority of the 
chicken embryo vaccine as compared with 
the broth bacterins in connection with the 
immunization of mice is clearly demon- 
strated. No attempt as yet has been made 
to determine the nature of the immunogenic 
factor or factors in the embryo vaccine. In 
this trial, a fresh preparation of the vac- 
cine was used. Before this agent is used 


challenge 


dilution group 
OX logarithm 


on index 


nged 


philization if its potency is to be maintained 
for a desirable period. 

This experiment was designed with the 
hope that some information would be ob- 
tained relative to the comparative immuno- 
genicits of bacterins prepared by different 
methods. Because of the low order of im- 
munity elicited by the bacterins, and be- 
cause of the small numbers of mice used in 
each dilution group, little significance can 
be attached to the comparative immunogenic 
values of the bacterins. 

The broth bacterins used differed in some 
respects from those in common use. They 
were not alum precipitated and the amount 
of formalin used for their sterilization was 
less than that ordinarily added. 

In the preparation of bacterins, some 
heed should be paid to the following find- 
ings:'* (1) Capsules are present around 
virulent but not avirulent organisms of P. 
septica species. (2) The capsule appears 
after incubation for twenty-four hours at 
37 C. Incubation for more than twenty-four 
hours results in a loss of capsular material. 
Incubation at higher or lower temperatures 
tends to inhibit its production. (3) The 
capsule is very heat-labile, being destroyed 
at 56 C. in forty-five to sixty minutes, and 
at 100 C. almost instantaneously. The im- 
portance of the thermolabile capsular mate- 
rial in the production of immunity is dem- 
onstrated in another report by Priestley.™ 

Little and Lyon* have demonstrated the 
importance of selecting strains for the pro- 
duction of antiserums on the basis of sero- 
logic type. In spite of their findings, the 
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strains used in the preparation of most bac- 
terins and antiserums are selected on 
zodlogic grounds, that is, strains isolated 
from a variety of animal species. 

Studies are now in progress on a number 
of aspects of the P. multocida chicken em- 
bryo vaccine. It is planned to conduct field 
trials on this agent in the near future. 


SUMMARY 


1) The preparation of a Pasteurella mul- 
tocida chicken embryo vaccine is described. 

2) This vaccine protected mice against 
more than 1,700 lethal doses (ld.) of P. 
multocida. The most immunogenic broth 
bacterin conferred protection not in excess 
of six Ld. of the same challenge culture. 

3) The differences in the immunogenici- 
ty of four broth bacterins prepared from 
P. multocida were considered to be of little 
significance. 
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Observations on Circulation in the Avian Kidney 


STEPHEN GORDEUK, JR., V.M.D., and MARION L. GRUNDY, M.S. 


State College, 


IN THE CoURSE of conducting a histopatho- 
logic study of the avian kidney in relation 
to the avian leucosis complex, some ob- 
servations were made in attempting to con- 
firm earlier work on the portal circulation 
of the avian kidney. Spanner’ reviewed 
the reports of nineteenth century workers 
regarding an avian renal portal circulation 
and undertook an exhaustive study to in- 
vestigate the possible existence of a portal 
circulation and to determine the direction 
of blood flow in the rena) portal vein. He 
prepared kidney specimens from 178 birds 
of varied species with gelatin injections for 
clearing preparations and celluloid injec- 
tions for corrosion preparations. He! 
claimed that the avian kidney presented 
efferent and afferent veins connected by 
capillaries, except for the union of the hypo- 
gastric and external iliac veins to form the 
common iliac vein. The hypogastric vein 
was claimed to possess renal and extrarenal 
(vena coccygea in the diagram, fig. 1) por- 
tions. The renal portal vein' is made up 
of the renal portion of the hypogastric, to- 
yether with the afferent renal veins of the 
upper lobe. 

The entrance into the efferent renal vein 
by the anastomosis of the hypogastric and 
external iliac closed by a tym- 
panum-like valve.'’ This structure forms a 
highly efficient barrier against the flow of 
blood from the external iliac vein into the 
efferent renal vein 

Experiments to determine the direction 
of flow into the coccyygeo-mesenteric vein 
led Spanner! to conclude that the blood in 
this vein is renally directed. These findings 
are contrary to the observations of Jacob- 
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son,? Jacobson,’ Gratiolet,4 and Jourdain. 
A study of the morphologic relationships of 
the coccygeo-mesenteric vein strengthened 
his conclusion.' He accepted the presence of 
a portal circulation between the renal portal 
vein and the efferent renal vein in both 
lower lobes of the kidney and emphasized 
that the blood not flow through the 
kidney toward the liver in the coecygeo- 
mesenteric vein but rather in the opposite 
direction. 

The basic difference in the terminal 
branches of the afferent and efferent renal 
veins also confirmed Spanner’s conception 
of a portal circulation in the avian kidney. 
Corrosion preparations showed the terminal 
branches of the efferent vein as strikingly 
thick, arched vessels, while the vessels of 
the afferent renal vein appeared much 
smaller. The arteries appeared very small] 
in comparison to the colossal efferent veins. 
The marked difference in caliber between 
the afferent and efferent veins and the fine- 
ness of the arteries suggested that only 
arteries and afferent veins together could 
supply sufficient blood to the kidney. 

Another point noted' was that the micro- 
scopic structure of the avian kidney is 
markedly similar to that found in the kid- 
neys of other such reptiles, 
which possess a portal circulation. Both 
avian and reptilian kidneys show a union 
of two venous systems through a capillary 
network spun throughout the renal tubules, 
and have a typical lobular structure. 
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EXPERIMENTAL PROCEDURE 


Following initial trials including eight lamb 
kidneys, 27 Barred Plymouth Rock and 4 
Rhode Island Red cockerels were used in the 
preparation of of the 
avian renal circulatory system. The birds were 
anesthetized with pentobarbital sodium, gen- 
erally injected intravenously. Most of the 
cockerels required at ml. of the drug 
for satisfactory The birds were 
bled by severing the blood vessels in the neck. 

The following method of preparing the kid- 
ney employed, The skin 
tween the legs and abdomen was severed and 
the coxofemoral joint disarticulated, allowing 
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the legs to lie flat on the operating table. The 
sternal portion (keel) was removed to expose 
the abdominal and thoracic viscera. After liga- 
tion of the rectum, testes, coccygeo-mesenteric 
vein, posterior vena cava, and aorta, the ab- 
dominal viscera were removed to expose the 
kidneys. The crural arteries and external 
iliac veins, as well as the ischiatic arteries and 
veins, were ligated in the femoral region and 
severed beyond the ligations. The vertebral 
column was broken just anterior to the liga- 
ture of the posterior vena cava and aorta; the 
legs were removed and excess tissue dissected 
from the pelvic bones. Thus, the kidneys were 
completely exposed, protected on the dorsal 
surface by bones, and ready for injection with 
vinylite resin. The venous system was in- 
jected with blue resin and the arterial system 
with red. A small, pressure-vacuum pump was 
used to force the resin through a small pointed 
glass cannula around which a given blood 
vessel was tied.6 After injection, the kidneys 
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were placed in cold water and kept in a re 
frigerator overnight. The next morning they 
were immersed in concentrated hydrochloric 
acid for a period of three to four days in order 
to permit tissue digestion. Finally, the cor- 
rosion specimen was removed from the acid, 
washed in tap water for five days, and ex- 
amined. 

In 1 anesthetized, living specimen, the coc- 
cygeo-mesenteric vein was ligated to deter- 
mine the direction of blood flow therein. 

An attempt was made to improve corrosion 
specimens by use of vasodilators. Each of 2 
Barred Plymouth Rock cockerels received 1 gr. 
of sodium nitrite thirty minutes before sac- 
rifice, and 3 other cockerels were given “% to 
% gr. of erythro] tetranitrate forty-five to 
ninety minutes before sacrifice. 

In the process of injecting the kidney speci- 
mens, certain blood vessels were closed by the 
use of cotton ligatures or mosquito forceps 
(hemostats). In attempting to disclose the 
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afferent and efferent portions of the avian 
renal venous system, the major veins were 
ligated at different points and the resulting 
divisions injected with vinylite resin of dif- 
ferent colors. The coccygeo-mesenteric vein, 
the external iliac vein, and the posterior vena 
cava were used as points of injection for the 
venous system. The arterial system was gen- 
erally injected via the aorta. In some of the 
specimens, the ureters were also injected. 


Fig. 2—Photograph of vinylite resin corrosion prepara- 
tion showing ventral aspect of the arteries and veins of 
avian kidney. See legend for figure |. 


Two cockerel kidneys and four calf kidneys 
were injected with carmine gelatin fluid and 
fixed in 10 per cent formalin for sectioning 
and microscopic examination. The venous sys- 
tem of another cockerel kidney was injected 
with carmine gelatin and fixed in 80 per cent 
alcohol for subsequent sectioning and micro- 
examination. The calf kidneys were 
employed for purposes of comparison, 

Kidney specimens from 3 cockerels were in- 
jected with latex. 
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DISCUSSION 


Ligation of the coccygeo-mesenteric vein 
in a living specimen demonstrated that the 
blood flowed toward the kidney, confirming 
Spanner’s work on this point. 

Although the use of erythrol tetranitrate 
and sodium nitrite for producing vasodila- 
tion in the renal circulatory system seemed 
to have a beneficial effect on the prepara- 
tion of corrosion specimens, it was discon- 
tinued after a few trials, since the improve- 
ment in the specimens was not appreciable, 

A study of several corrosion specimens 
indicated that the capacity of the hypogas- 
tric veins is insufficient to accommodate all 
the blood that is received unless there is a 
portal circulation to route some of the blood 
through the kidney. This viewpoint is also 
supported by the fact that the terminal 
branches and twigs of the hypogastric vein 
are one-fourth to one-third as large in diam- 
eter as those of the efferent vein, the vena 
renalis magna. As Spanner pointed out, in 


Fig of vinylite resin corrosion prepara- 


tion showing dorsal aspect of the arteries and veins of 
avian kidney. See legend for figure |. 
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order to supply the relatively large efferent 
vessels, the blood from the afferent veins as 
well as the arteries would be required (see 
fig. 1, 2, and 3). 

With the techniques employed, it was not 
possible to prove clearly the exact direction 
of blood flow in the hypogastric vein, It 
may be that some of the blood goes through 
the portal system and the rest courses 
through the vein extrarenally and empties 
into the common iliac vein. Observations 
made during the process of injection point 
to this possibility. With peripheral liga- 
tions, injection via the coecygeo-mesenteric 
vein, or the external iliac vein or the pos- 
terior vena cava, resulted in the filling of 
the whole system in spite of any valve 
structures that may have been present. The 
presence of a capillary bed between the 
afferent and efferent veins was not demon- 
strated by the means employed. 

In no case was an entirely satisfactory 
model of the arterial system of the avian 
kidney secured. A study of the corrosion 
specimens revealed that the arterial system 
appears to be very inadequate to supply 
the kidneys with blood. Although elasticity 
of the arteries must be considered, corro- 
sion specimens of ovine kidneys did show a 
reasonable amount of the arterial system in 
comparison with the venous system. Few, 
if any, arterioles were found to be disposed 
throughout the avian kidney. 

The injection of carmine gelatin fluid 
into the avian renal venous system, with 
subsequent microscopic examination of the 
renal tissue, gave unsatisfactory morpho- 
logic information. 

Latex injection of three kidney speci- 
mens gave good gross structural informa- 
tion about the avian renal vascular system 
but was not suitable for making micro- 
scopic slides. 

Corrosion specimens give good evidence 
for the presence of a portal circulation in 
the avian kidney but have certain limita- 
tions. They present the morphologic as- 
pects of the renal venous system rather 
well but fail to supply physiologic informa- 
tion. Corrosion specimens of the arterial 
system of the avian kidney are inadequate. 
It would be desirable to study the flow of 
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blood through the avian kidney more com- 
pletely and devise a better method for mak- 
ing arterial injections of the avian kidney. 


SUMMARY 


1) The blood flow in the coccygeo-mesen- 
teric vein is renally directed. 

2) Corrosion specimens and gross ob- 
servation of kidneys in situ indicate that 
the hypogastric vein is of insufficient capac- 
ity to aceommodate all the blood that it 
receives, unless there is a portal circulation 
to route some of the blood through the 
kidney. 

3) The terminal branches of the hypo- 
gastric vein are one-fourth to one-third as 
large in diameter as those of the efferent 
vena renalis magna. 

4) The direction of blood flow in the 
hypogastric vein was not determined. It 
appears, however, that some of the blood 
may go through a portal system and the 
rest courses through the vein extrarenally. 

5) A capillary bed between the afferent 
and efferent veins was not demonstrated. 

6) On the basis of corrosion specimens, 
the arterial system appears to be very in- 
adequate to supply the avian kidneys with 
blood. 

7) Three avian kidneys were injected 
with carmine gelatin and three others with 
latex and used for microscopic examina- 
tion. 

&) There is evidence of a portal circula- 
tion in the avian kidney. 
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éxperimental Transmission of Infectious Sinusitis of Turkeys 


A. C. JERSTAD, B.S., D.V.M., C. M. HAMILTON, D.V.M.., 
and E. H. PETERSON, Ph.D., D.V.M. 


Puyallup, Washington, and Pullman, Washington 


INOCULATION of material containing the LITERATURE 

causative agent of infectious sinusitis of In lieu of the usual literature review, a 
turkeys into the infraorbital sinus has quite tabular summary of published reports on infec- 
uniformly resulted in the successful trans- tious sinusitis in turkeys is presented. The 
mission of the disease.’"'* Reports of trans- salient points of transmission experiments 
mission by other methods are less numerous, and of observations on transmission noted in 
and these were not always successful. In field outbreaks are listed in the tabular sum- 
this paper, some data collected by the ™#'): ; 
writers on producing infection by routes All reports listed appear to deal with the 
other than injection into the sinus and on same disease manifestations. However, it is 


: ; not certain that the causative agent is identi- 
the length of the incubation period are pre- cal in all cases, since no comparative studies 


sented. Both the sinus form, manifested by jaye been made of the various infectious 
swollen sinuses, and the respiratory form, agents that have been isolated or identified. 

manifested by symptoms of pneumonia, The discrepancies in results reported by 
were observed in this study. various authors, as shown in the summary, may 


Summary of Reports of Transmission of Infectious Sinusitis of Turkeys by Various Authors 


Incubation 
Method of exposure Results period Author 


Atomization of sinus exudate Non Hart’ 

Conjunctival instillation Non Hart,’ Hinshaw* 

Contact, reapiratory form ; Not stuted Hungerford,* Jerstad and Hamilton® 

Contact, sinus form None See references * 

Contact, sinus form ; 7 to 8 days Graham-Smith* 

Drinking water containing 

discharge ot stated Hungerford* 

transmission to weeks Jerstad, Hamilton, and Smith’ 

Feather-follicle inoculation ot stated Hitehner*® 

Feces on feed Nome Graham-Smith? 

Feeding week Graham-Smith? 

Hog nose ring insertion None Etryan, Prier, and tirace' 

Inoetlation inte infraorbital days See references to 

Intracerebral imoculatior on Groupé and 

Intradermal tnoculation ome Groupé and 

Intramuscular inoculation ot Jungherr 

Intranasal inceulation t ryan, Prier, and Grace 

Intranasal Inoculation (Jraham-Smith? 

Intranasal inoculation Groupé and Winn,’ Hart, 
Hinshaw* 

Intraperitonea ou on Groupé and Winn,* Jungherr™ 

Intratracheal iInoculatl Jerstad and Hamilton*® 

Intravenous Inoculatlo weeks Jerstad and Hamiiton® 

Intravenous tnoculation None Groupé and Winn* 

from infected turkey None Graham-Smith® 


Vent Inoculation Not stated Hitchner 


transmission did ne im transmission o« 


Published entific paper No. 88k Agricul be due to differences in infectious agents, or 
cores Experime Stacthe Inatit of iral they may be due to the small numbers of ex- 
Soences, State iing ivailut 

From the Agri , : riment Stattons, In perimental subjects, since some of the methods 
atitute of Agricultura Scien » all iD. and the of transmission listed may not induce the dis- 
Division of Veterinary S« ‘ State College o . 

Washington, Pullman ee ease uniformly in all turkeys exposed. Another 
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possible explanation of variation in re- 
corded results is that the length of the obser- 
vation period following exposure may not have 
been of sufficient length for symptoms to de- 
velop. Furthermore, it is not clear whether 
all workers recognized the respiratory form of 
the disease which is apparently due to the 
same infectious agent that induces swollen 
Jungherr" points out that these 
two manifestations have been looked upon as 
separate entities. It is possible that pneumonia 
and air sac infection unrelated to infectious 
sinusitis may occur, but the work of Jungherr,’ 
in particular, clearly indicates that the agent 
of infectious sinusitis can induce pneumonia 
and air sac infection. 


EXPERIMENTAL 


In the experiments to be described, Broad 
Breasted Bronze (BBB) and Beltsville Small 
White (BSW) turkeys were exposed to a 
strain of infectious sinusitis designated as 
S-Wn-1. This is a strain from one, or a com- 
bination of the two. originally infected flocks 
reported in a previous paper.” The birds were 
housed in brooders, cages, or pens, depending 
on their age and the type of experiment. Com- 
mercial turkey rations were fed. The rations 
used were also fed to other turkeys and were 
entirely satisfactory. Experiments 1 and 6 
deal with artificial inoculations, and experi- 


ment 7 deals with pen-contact transmission of 
the respiratory form of the disease. 


EXPERIMENT 1 


Chicken Embryo-Propagated Agent Dropped 
into the Palatine Cleft. Thirty-five BSW 
poults, 2 days old, were each exposed via the 
palatine cleft with S-Wn-1 agent propagated 
on chicken embryos. A single drop was ap 
plied to each poult with a medicine dropper. 
The infective agent ased had been held at 25 C. 
and was thawed just prior to use. 

Results.—Swollen first developed 
in 20 (57.1°) of the 35 exposed poults during 
the fourth week after exposure. No further 
cases of swollen sinuses were noted in the 
exposed poults during the ensuing three weeks, 
so they were placed in a holding pen in con- 
tact with other poults. An interesting develop- 
ment was that the respiratory form of the dis- 
ease was later manifested and before the poults 
reached maturity it had spread to the contact 
birds. 


sinuses 


EXPERIMENT 2 
Sinus Ewvudate Dropped into Palatine Cleft. 
Ten BSW poults, 2 days old, and of the same 
stock as, but of a later hatch than, those used 
In experiment 1 were exposed via the palatine 
cleft with sinus exudate from birds infected in 
experiment 1. The same method of exposure 
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wus followed as in experiment 1, except that 
fresh exudate was used. The donor 
poults had had a sinus swelling for a little 
over two weeks. 

Results.-Three (30%) of the 10 exposed 
birds showed swollen sinuses during the sixth 
week after exposure. No symptoms were noted 
prior to that time, nor during the seventh 
week after exposure, at which time observa- 
tions were concluded. 


sinus 


EXPERIMENT 3 

Feces of an Infected Poult Dropped into Pal- 
atine Cleft.—Ten BSW poults, were exposed 
by palatine cleft exposure as in experiment 1, 
except that feces taken from the lower intes- 
tinal tract of a bird with swollen sinuses in 
experiment 1 served as the inoculum. The 
feces were collected at necropsy of a poult that 
had shown swollen sinuses for a little over two 
weeks. The feces were liquified with sufficient 
water to be drawn into a medicine dropper. 
This experiment was conducted simultaneously 
with experiment 2. 

Results.—The turkeys showed no evidence 
of the disease during ten weeks of observation 
subsequent to exposure. 


EXPERIMENT 4 


Instillation of Sinus Exudate into Crop. 
Eight, 10-week-old BBB turkeys, free of the 
disease, were used. One and five-tenths milli- 
liters of exudate from the sinus of a poult 
exposed to S-Wn-1 virus was instilled with a 
glass pipette into the crop of 2 turkeys. An- 
other turkey was given 6.0 ml. of the same 
exudate in the same manner. These 3 turkeys 
were confined in a single cage. The method of 
inoculation used was deemed to be comparable 
to feeding the exudate, since no precautions 
were taken to avoid contact with the tissues of 
the mouth and adjacent organs. 

Three turkeys, confined in a separate cage, 
received no treatment of any kind. Twenty- 
two days after the beginning of the experiment, 
these 3 control turkeys were removed to a floor 
pen in another house where observations con- 
tinued, 

Two turkeys, confined separately from the 
rest of the birds on this experiment, were inoc- 
ulated into each infraorbital sinus with 0.2 ml. 
of the same sinus exudate used for the crop in- 
stillation to check the infectivity of the in- 
oculum. 

Results.—One turkey, given 1.5 ml. in the 
crop, showed definite symptoms of the respira- 
tory form of the disease during the fifth week 
after exposure. Seventeen days later, the sec- 
ond turkey, which received 1.5 ml. also, became 
similarly affected. Although it is considered 
unlikely, this could possibly have been con- 
tracted from the first turkey, so it is not in- 
cluded as infected in table 1. All control tur- 
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keys remained normal except those inoculated 
into the infraorbital sinuses, both of which 
showed sinus swellings a week after inocula- 
tion, thus establishing the infectivity of the 
inoculum. 


EXPERIMENT 5 


Sinua Exudate Subcutaneously and Intra- 
muscularly.—-Six, 14-week-old BBB turkeys 
were used. Three turkeys were caged together 
and each given 0.2 ml. of sinus exudate sub- 
cutaneously in the wing web. Eight days later, 
this injection was repeated in the opposite 
wing. 

Three other BBB turkeys were caged to- 
gether. Five-tenths milliliter of the same exu- 
date used for the subcutaneous inoculations 
was injected into the breast muscles. Eight 

days later, this injection was repeated in the 
opposite breast muscles. 

Ten days after the beginning of experiment 
4, all turkeys except 1 of the group inoculated 
subcutaneously, which had a badly picked wing, 
were removed and penned together in a floor 
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pen in another house, where observations con- 
tinued. 

Reaults.—During the fifth week after the 
first inoculation, 2 of the turkeys, exposed by 
subcutaneous inoculation, including the 1 which 
was separately confined, showed respiratory 
symptoms of infectious sinusitis, and 2 of 3 
inoculated intramuscularly showed swollen 
sinuses. Since it was necessary to confine most 
experimental birds together ten days after 
beginning the experiment, the results are 
rightly open to the criticism that cross infec- 
tion was possible. However, since infection 
occurred almost simultaneously and uniformly 
manifested itself in distinct form, depending 
on the method of inoculation, this does not 
seem likely. Also, the turkey kept in a sep- 
arate cage because of a picked wing developed 
the respiratory form of the disease at the 
same time. 


EXPERIMENT 6 


Tracheal Exudate Swabbed in 
Three BBB poults, 10 to 12 weeks 


Sinus or 


Trachea. 


TABLE |—Results of Artificial Exposure of Turkeys to Infectious Sinusitis (Strain S-Wn-1} 


No. and 
age of 
turkeys 
exposed 


Method 
of exposure Inoculum 
Chicken 
embryo 
propagated 
agent 


Dropped into pala 


tine cleft (2 da) 


Sinus exu- 
date from 
exp. 1 


Dropped into pala 1 
tine cleft (3 da.) 


Feces from 
turkey with 
swollen 
sinus exp. I 


Dropped into pala- 10 
tine cleft (3 da.) 


Sinus 
exudate 


15 to 60 in 3 
stilled into crop (10 wk.) 


Sinus 
exudate 


Two intramuscular 3 
injections of 0.5 (l4 wk.) 
mi, &§ days apart 
Two subcutaneous 
injections of 02 
& days apart 


Sinus 
exudate 


3 
(14 wk.) 


Sinus 
exudate 


Trachea swabbed 


Tracheal 
exudate 


Trachea swabbed 


awabbed Tracheal 
(mature exudate 
hens) 


Trachea 


Tracheal 
exudate 


swabbed 1 
(mature 
tom) 


Total 


Turkeys in experiments I te 
treasted Hronge 


No. turkeys infected and 


week after exposure that 


Symptoms were noted 


$ ‘ > 6 N Remarks 


swollen 25 days 
after exposure 


26 57 Sinuses 


swollen 36 to 37 
days after exposure 


Sinuses 


Remained normal 


Respiratory 
fifth week 
posure 


symptoms 
after ex- 


Sinuses swollen fifth 


week after exposure 


Respiratory 
fifth week 
sure 


symptoms 
after expo- 


#piratory 
li days 


symptome 


Reeptratory symptoms 
in 16 and 21 days 


period until 
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1 1 33.3 Re 
4 2 2 
(8 to 12 
wk.) 
1 4 5 11.4 Shortest 
Symptoms were noted 
was 19 days Abnor- 
mal lung sounds pres 
ent in 4 birds 24 days 
after exposure 


old, were swabbed in the trachea with sinus 
exudate, and 4 BBB poults, 8 to 12 weeks old, 
were swabbed in the trachea with tracheal 
exudate. Seven mature hens and 1 mature tom 
were swabbed in the trachea with tracheal 
exudate. Tracheal exudate was from turkeys 
suffering with the respiratory form of the dis- 
ease, while sinus exudate was from swollen 
sinuses of infected turkeys. Fresh exudate 
was used in all instances. The method of 
inoculation consisted of inserting a cotton swab 
into the trachea of a turkey manifesting the 
respiratory form of the disease. After the 
swab became saturated with the tracheal exu- 
date, it was withdrawn and inserted into the 
trachea of an experimental turkey.” When 
sinus exudate was used as the inoculum, the 
exudate was withdrawn with a syringe, trans- 
ferred to a sterile tube, and the swab saturated 
by dipping tesults obtained were presented 
in part in a previous publication,” but are given 
here in more complete form and are supple- 
mented by additional data. 

Results._-Of the 3, 10- to 12-week-old poults 
swabbed intratracheally with sinus exudate, 1 
became infected eleven days after exposure. 
Of the 4, 8- to 12-week-old poults swabbed with 
tracheal exudate, 2 became infected sixteen 
and twenty-one days, respectively, after 
exposure 

The incubation period in the 7 mature hens 
tracheal exudate was slightly 
during the third week in 


exposed to 


longer, occurring 


one instance and during the fourth week in 


TABLE 2—The Incubation Period of Infectious Sinusitis (Strain S-Wn-1) in Broad Breasted Bronze Turkeys Follow 
ing Pen Contact with Turkeys Showing Respiratory Symptoms of the Disease 


N turkeys infected during 
Age of turkeys weeks after exposure 


S- and %-wk 
female 1 


ind %-wk. males 1 1 
15-wk 


female 


Mature hens 1 


Mature tom 


tal 


four instances 
early as nineteen days after exposure. 
mature tom remained normal. 
All manifestations of the disease in experi- 
ment 6 were of the respiratory form. 
Results of experiments 1 through 6 
summarized in table 1. 


One bird showed symptoms as 


The 


are 


EXPERIMENT 7 


Pen Contact with the Re spiratory Form.—A 
considerable number of BBB turkeys have been 
exposed to the disease by pen contact with the 
respiratory form of the disease in several dif- 
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ferent trials. Data on the lengths of the incu- 
bation period were collected on 12 birds so 
infected. 

Results.—In the 5 poults infected by expo- 
sure to the respiratory form at 8 and 9 weeks 
of age, the incubation period was compara- 
tively prolonged. One poult became infected 
during each of the following weeks after ex- 
posure: the eighth, ninth, eleventh, twelfth, 
and fourteenth. A sixth poult of the same lot, 
exposed at 15 weeks of age, became infected 
during the fourth week after exposure. 

In considering the results obtained with 
mature turkeys, one should be cognizant of 
the fact that all of the mature turkeys for 
which data are available were not exposed in 
the same pen nor at the same time; and that 
only those birds which were observed daily, 
so as to obtain accurate data, are included. 
The rate of infection, therefore, is not shown 
in table 2. Practically all susceptible mature 
turkeys exposed to the respiratory form of the 
disease became infected. Three of the 5 ma- 
ture hens showed symptoms during the fourth 
week after exposure, another during the fifth 
week, and the remaining one during the seventh 
week. The mature tom first showed symptoms 
during the seventeenth week after exposure. 

Six (50°.) of the 12 turkeys in this experi- 
ment showed symptoms during the fourth to 
seventh week after exposure. Prolonged incu- 
bation periods occurred in poults exposed at 
8 and 9 weeks of age and in a mature tom. In 
all of these particular birds, the respiratory 


Total No 
infected 


turkeys Remark» 


Same hatch exposed at different ages 


Mixed lot included some 2-yr.-old 
1 hens, rest about 1 yr. old 


form of the disease was manifested. Records 
of these birds do not indicate that swollen 
sinuses later appeared, but it has been ob- 
served in other birds that swollen sinuses may 
occur from pen contact with the respiratory 
form. 

The data collected in experiment 
sented in table 2. 


7 are pre- 


DISCUSSION 


The results recorded in this paper and in 
other reports indicate that infectious sinus- 
itis may be transmitted experimentally by 
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several methods of exposure. Symptoms 
may appear within a short or a compara- 
tively long time after exposure. It has been 
shown, for instance, that sinus awelling may 
develop as early as one day following inocu- 
lation of infective material into the infra- 
orbital sinus.'? In experiment 2 of this 
report, sinus swelling did not occur until 
the sixth week after exposure of 3-day-old 
BSW poults to sinus exudate via the pala- 
tine cleft. It appears, therefore, that the 
amount and potency of the inoculum, the 
route of inoculation, and possibly the rela- 
tive resistance or susceptibility of the in- 
oculated turkeys are probably interacting 
factors, which determine the length of the 
incubation period. When comparing results 
of various workers, differences in strains of 
infectious agents must also be considered. 

The incubation period in the cases pre- 
sented ranged from less than two to as long 
as seventeen weeks. However, 37 out of 48 
17.1%) of the infected birds studied 
showed either sinus swelling or symptoms 
of the lower respiratory tract during the 
fourth, fifth, or sixth week after exposure. 
In comparison with other respiratory dis- 
eases of fowl, this is a long incubation pe- 
riod but is consistent with the usual chronic 
nature of the disease. There is some evi- 
dence of possible influence of age on the 
length of the incubation period following 
contact with the respiratory form, since, in 
experiment 7, the younger birds exhibited 
a longer incubation period 

The data available from various reports 
yet meager. As further data 
such discrepancies in findings 
as will 
be found to have 


are as quite 
accumulate, 
of various investigators exist now 
doubtless be resolved or 


rational explanations. 


CONCLUSIONS 


1) Turkeys were infected by exposure to 
strain S-Wuy-1 agent of infectious sinusitis 
by: | drop instillation into the palatine 
cleft of 2- and 3-day-old poults; (b) instilla- 
into the intramuscular in- 


a 


tion crop; (¢) 


HAMILTON 


v 


PETERSON 


injection; (e) 
by contact 
respiratory 


jection; (d) subcutaneous 
ewabbing the trachea; and (f) 
with birds manifesting the 
form of the disease. 

2) The incubation period varied from 
less than two weeks to seventeen weeks. 
Thirty-seven (77%) of 48 infected birds 
in this study became infected during the 
fourth, fifth. or sixth week after the first 
exposure. 

8) The route of inoculation seemed to de- 
termine whether the was mani- 
fested by sinus swelling or a lower respira- 
tory 

1) Feces from the lower intestinal tract 
of a bird with swollen sinuses did not cause 
the disease when dropped into the palatine 
cleft of 3-day-old Beltsville Small White 
poults 


disease 


involvement. 
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Interpretation of Serologic Procedures for the Diagnosis 
of Newcastle Disease 


E. R. DOLL, M.A., D.V.M., M. ELIZABETH WALLACE, M.S. 
and WILLIAM H. McCOLLUM, M.S. 


Lexington, Kentucky 


THE PURPOSE of this investigation was to 
obtain information on serologic procedures 
employed in the laboratory diagnosis of 
Newcastle (ND). It was consid- 
ered desirable to collect data which would 
aid in establishing diagnostic titer levels 
for the serum-neutralization (SN) test and 
for the various applications of the hemag- 
glutination-inhibition (HI) tests. The lit- 
erature concerning the basis and principles 
of the SN and HI tests for ND has been 
adequately It appears 
superfluous to repeat the reviews in this 
paper. 


disease 


METHODS 


Embryo infectivity titrations were made by 
injection of 0.05 cc. of serial tenfold dilutions 
of infective amnio-allantoic fluid (AAF) into 
the allantoic chamber of 10-day embryonated 
chicken eggs. Deaths occurring during the 
first twenty-four hours were regarded as non- 
specific. Embryo deaths occurring between 
the twenty-fourth and ninety-sixth hours 
after inoculation were used for calculating the 
embryo lethal dose (1.d...) by the method of 
Reed and Muench.’ 

For the SN tests, equal quantities of chicken 
serum containing 0.5 per cent phenol and ten- 
fold dilutions of ND virus, strains Ky-50, Ky- 
90, and Ky-127, estimated to be appropriate 
for obtaining end points in the test, were 
mixed and permitted to incubate at room tem- 
perature for one hour. Each embryonated egg 
was inoculated into the allantoic chamber with 
0.1 ec. of the serum-virus mixture. Deaths oc- 
curring between the twenty-fourth and ninety- 
sixth hours were employed in calculating the 
neutralizing capacity of the serum. Four em- 
bryos were used for each dilution in both the 


virus titrations and SN tests. 
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For determining the hemagglutination (HA) 
titer of Newcastle disease virus (NDV), serial 
twofold dilutions starting with 1: 10 dilution 
of the AAF virus were made in 0.5-cc. amounts 
in physiologic saline. Chicken red cells, 0.5 ce. 
of 0.5 per cent suspension, were placed in each 
tube. The agglutination patterns were read 
after forty-five minutes at room temperature. 
The end point in the titration was the highest 
dilution showing 4+ agglutination. This tube 
was considered to contain one HA unit of 
virus. 

For the HI tests, serial twofold dilutions 
of fresh or phenolized serum were made in 
0.25-ce. quantity in physiologic saline through 
sufficient tubes to insure an end point. Five 
HA units of virus contained in 0.25 ce. of phy- 
siologic saline were added to each tube. The 
serum-virus mixture was incubated at room 
temperature for ten minutes, 0.5 ce. of 0.5 per 
cent chicken red cells were placed in each tube, 
and the tests were read by observing the ag- 
glutination pattern after forty-five minutes 
The greatest dilution of serum causing com- 
plete inhibition of agglutination was the end 
point in the test. 

Hemagglutination-Inhibition Titers of Nor- 
mal Chicks.—A total of 282 samples of serum 
were tested in determining normal! HI activity 
against five HA units of NDV, strains Ky-50, 
Ky-90, Ky-125, Ky-127, and lowa 23131. The 
chicks originated from the Kentucky Agricul- 
tural Experiment Station chicken flock in 
which there had been no indications of ND and 
periodic SN tests had given negative results. 
tirds hatched from the flock had found 
fully susceptible at all ages. As shown in table 
1, ages of these birds varied from 1 day to 10 
weeks. For the entire group, 74.8 per cent of 
the serums showed no activity or incomplete 
inhibition at a dilution of 1:2.5, while 22.6 
per cent showed complete inhibition at 1 : 2.5, 
and 2.6 per cent inhibited completely at the 
1:6 dilution. Complete ishibition of agglu- 
tination did not occur in any of the serums at 
the 1:16 dilution. After completion of the 
normal serum tests, the chickens were chal- 
lenged with NDV, strains Bl, Ky-50, Ky-90, 
or California 11914, and found to be suscep 
tible. 

In chicks from susceptible hens, either show- 
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ing or having history of a respiratory infec- 
tion, complete inhibition of agglutination in 
the 1: i0 dilution probably indicates infec- 
tion with NDV. Complete inhibition of ag- 
glutination at 1:20 is regarded as positive 
evidence of infection when the chicks origi- 
nate from nonimmune hens. 

Development of Hemagglutination-Inhibi- 
tion Titera.—The production of HI antibody 
against the Bl (Hitchner and Johnson‘) 
strain of NDV was studied. This virus is of 
very low virulence for chicks and its infec- 
tious affinity appears to be primarily pneumo- 
tropic. The HI titers of 64 chicks were fol- 
lowed by testing daily from the fifth through 
the eighth and on the tenth and twelfth days 
following intranasal exposure with 0.05 ml. 
of undiluted AAF virus. The data are re- 
corded in table 2. The 1-day-old and 5-day- 
old chicks, 18 and 10 chicks, respectively, 
were bled out for each testing period. For 
the chicks 5 weeks old, blood samples were 
drawn from the wing veins of a single lot of 
36 chicks for each testing period. With com- 
plete inhibition of agglutination in the 1:10 
serum dilution being regarded as a_ signifi- 
cant response, positive titers were obtained 
for the first time in 7.8 per cent of the chicks 
on the sixth day, in 29.3 per cent on the 
seventh day, 43.7 per cent on the eighth 
day, in 14.0 per cent on the tenth day, 
and 4.7 per cent on the twelfth day. The 
accumulated percentages for positive titers 
were 7.8, 37.1, 80.6, 94.8, and 100 for the 
respective testing periods of six, seven, eight, 
ten, and twelve days following exposure. 


TABLE |—Hemagglutination-Inhibition Titers of Serums 
of Unexposed Normal Chickens 
No. of individual serums wit! 
Chickens Indicated HI titers 
tested 
Group No Age 


A 


Total 

Ver cent 


Another group of 30 chickens, 6 weeks old, 
were tested for HI antibody at six, nine, and 
twelve days following exposure to Ky-00, a 
locally isolated strain of NDV. Equal num- 
bers, 15 each, were inoculated intramuscu 
larly and intratracheally with 10 
ld. of this virus, Positive titers were present 
in 16.6 per cent on the sixth, in 96.6 per cent 
on the ninth, and 100 per cent on the twelfth 
days following exposure. Another group of 
30 chicks, 6 weeks old, were similarly ex- 


embryo 
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posed with virus 11914. None of these chicks 
had positive HI titers on the sixth day. On 
the ninth day, 63.3 per cent had titers of 1 : 10 
or higher, and all had positive titers on the 
twelfth day. 

The rate at which the HI antibody develops 
is important in the laboratory diagnosis of 
ND. It appears that the SN antibody may 
develop somewhat more rapidly than the HI 
antibody and that this factor may be respon- 
sitie for the failure to isolate virus from HI- 
negative birds that are showing characteristic 
symptoms. We have repeatedly failed to iso- 
late virus from field cases with negative HI 
tests, and have obtained positive results on 
H! tests a few days later on other chickens 
from the flock. Likewise, lots of sick chickens 
with symptoms resembling ND have been 
found negative on initial tests and have had 
diagnostic HI titers a few days later. Since 
we determined that six or more days are re- 
quired for a chicken to develop HI antibody 
of diagnostic significance, a practice of holding 
questionably reacting chickens for four days 
has been adopted. This period is too short for 
diagnostic HI titers to develop from laboratory 
infection and of sufficient length to permit 
diagnostic titers to develop in nearly all birds 
which show symptoms resembling ND when 
presented for diagnosis. 


THE SERUM-NEUTRALIZATION AND HEMAG- 
GLUTINATION-INHIBITION RESPONSES 


In attempting "to correlate titers obtained 
with the SN and HI tests, chickens were 
tested at periods of six, nine, twelve, fif- 
teen, eighteen, twenty-two, and forty-two 
days following exposure to NDV. A group 
of 60 chickens, 8 weeks old, was divided 
into four lots of 15 each. Groups 1 and 2, 
respectively, were exposed intramuscularly 
and intratracheally with virus Ky-90. 
Groups 3 and 4, respectively, were inocu- 
lated intramuscularly and intratracheally 
with virus 11914. The dose for each chicken 
was. 10° embryo L.d..,.. 

Samples of blood were obtained two days 
before exposure for determining the SN 
and HI capacity of the normal serums, For 
the SN tests on 56 normal serums, there 
were only two that neutralized more than 
ten embryo Ld..,, of virus, having neutral- 
izing titers of 10'* and 10'. In these, 
the embryo deaths all oecurred on the sec- 
ond day following inoculation, and they 
probably should be regarded as nonspecific, 
serum from both of these chickens 
failed to show any neutralizing activity at 
six days following exposure. With 12 se- 
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4wk 61 1 0 0 
6 wk 60 0 a 6 
2 1 day 5 
8 days 0 
283 211 64 8 0 
748 22.6 26 
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rums, the SN titers ranged from 10°'? to low 10* embryo Ld...) occurred with only 
10°35. There was no neutralization in 42 two serums. The titers for the majority of 
of the 56 serums. In the HI tests, complete the serums were 10° or more Ld... except 
inhibition of agglutination did not occur for group 4, in which the average titer was 
for any of the 56 chickens, using 0.25 cc. 10** Ld.,o. The HI titers varied from in- 
of serum against five HA units of virus. complete inhibition with undiluted serum to 

On the sixth day following inoculation, complete inhibition at the 1:640 dilution. 


SN tests were obtained on the serums from Hemagglutination-inhibition titers of 1:20 
or higher were present in all chickens of 


groups 1 and 2 which were exposed to virus 
Ky-90. Hemagglutination-inhibition reac- 


TABLE 2—The Development of Hemagglutination- 
Inhibition Antibody in Serums of Chicks Exposed 


to BI Newcastle Disease Virus via Intranasal tions ranging from complete inhibition in 

instillation undiluted serum to 1: 40 were present in 

Days required for indicated No. group 3, which was exposed intramuscularly 

with virus 11914. Complete inhibition oc- 

Age at ‘of . curred in two samples with undiluted serum, 

: ea = in two at the 1: 2.5 dilution, in one at 1: 5, in 

1 day 18 9 1 9 7 1 six at 1:20, and in two at the 1:40 dilution. 

te 3 36 tk ? In group 4, which was exposed intra- 

Bs Be aie tracheally with virus 11914, the HI reaction 

Accumulated ‘ varied from no activity with undiluted se- 
per cent 0 7.8 37.1 S48 10006 

rum te complete inhibition at 1:20. Com- 


*Chicks not tested plete inhibition did not occur in 6 chickens 
with undiluted serum, but was observed in 
53 chickens. The neutralizing titers ranged 3 chickens at 1: 10, and in 6 chickens at the 
from zero to 10777 embryo Ld... For 22 1:20 dilution. 
serums, there was no neutralizing activity. The results obtained from HI tests at the 
Less than ten embryo Ld... were neutral- ninth day following exposure indicate that 
ized by 11 of the serums. With nine se- the HI antibody developed most rapidly in 
rums, the SN titers were more than ten but group 1, which was exposed intramuscularly 
less than 100 embryo Ld.,,; and with 11. with virus Ky-90. In this group, the aver- 
serums, the titers were 100 or more but age of the HI titers at the ninth day was 
less than 1,000 embryo Ld.,5. The HI tests 1:315 (table 3). In stimulating the devel- 
at the sixth day following exposure were opment of HI antibody, virus Ky-90 was 
negative with undiluted serum fe 48 of more active by the intratracheal route than 
53 chickens. The HI titers were 1:5 for 1 was virus 11914 by the intramuscular route. 
chicken, 1:10 for 2, and 1:20 for 2. At the ninth day, the average of the HI 
At the ninth day after exposure, the SN titers resulting from virus Ky-90 intra- 
titers of 39 chickens varied from 10*'* to tracheally was 1:142 and that for virus 
10°° embryo Ld... Neutralizing titers be- 11914 intramuscularly was 1:16.4. The 


TABLE 3—The Hemagglutination-Inhibition and Serum-Neutralization Responses of Chickens Following Exposure 
at 8 Weeks of Age to Two Strains of Newcastle Disease Virus 


Days following exposure 


0 
Group 1. Virus Ky-90 intramuscularly 


Number of chicks 13 12 13 11 13 13 13 2 
*Average HI titer ° 4 $15 1105 1132 1329 1231 493 
**Average SN titer 1.82 5.75 5.78 6.02 6.12 5.08 
Group 2. Virus Ky-90 intratre ally 
Number of chicks 14 12 4 14 16 “4 
Average HI titer 0 1.0 142 540 1077 1040 SO6 377 
Average SN titer 0.06 1.97 5.62 528 . 5.72 6.02 60 6.8 
Group 3. Virus 11914 intramuscularly 
Number of chicks 14 i4 14 4 “4 19 
Average HI titer 6 0 16.4 231 554 665 299 su 
Average SN titer 6.09 1.26 5.18 5.01 6.12 6.25 5.10 »12 
Group 4. Virus 11914 intratracheally 
Number of chicks 15 13 9 15 15 15 15 15 
Average HI titer 0 0 3.3 246 539 4196 200 117 
Average SN titer 6.0% 0.97 4.9 49 5.77 5.56 4.70 5.30 


*Calculated from highest serum dilutions showing complete inhibiti n of agglutination 
**Expressed as exponential value of 16, e.g. 10°, 10" ote 
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ninth day HI response to virus 11914 intra- 
tracheally was lower than by intramuscular 
exposure, resulting in an average HI titer 
of 1:3.3. The average titers shown in table 
% include only those chickens on which both 
SN and HI titrations were completed. The 
variation in HI titers obtained at the ninth 
day for the two viruses and two routes of 
exposure did not hold true for the SN titers. 
There was no appreciable difference in the 
average SN titers for the four groups. Av- 
erage SN titers were 10°, 10°°, 10°'*, and 
10*” embryo L.d.,, for groups 1, 2, 3, and 4, 
(table 3). 

Serums obtained from the chickens from 
the twelfth to forty-second days following 
exposure had HI titers varying from dilu- 
tion 1:20 through 1:2,560. Averages of 
the individual titrations show that the HI- 
antibody response was greater with virus 
Ky-90 than with virus 11914. The HI re- 
sponse was somewhat lower and developed 
more with intratracheal exposure 
than with intramuscular exposure. There 
was no appreciable difference in the av- 
erage SN titers obtained during this period 
(table 3). 

For the serums obtained from the twelfth 
to forty-second days following exposure, 
the HI tests were made on’ individual sam- 
ples. Aliquots from each sample having the 
same HI titer were pooled according to 
groups and bleeding periods in an attempt 
to correlate HI and SN titers. By this pro- 
cedure, there became available 80 samples 
containing aliquots of serum from 1 to 9 
chickens. The HI titers varied from 1: 20 
to 1; 2,560 with all dilution values between 
these points represented by a number of 
serums. The SN titers of the pooled serums 
varied from 10°"? to embryo Ld.... It 
was not possible to establish any correlation 
the HI and SN titers for these 


respectively 


slowly 


between 
serums. 

Also, it was not possible to correlate the 
HI and SN titers of 92 serums obtained on 
the sixth and ninth days after exposure and 
tested individually. For the ninth day pe- 
riod, 30 serums having HI titers of 1: 10 
to 1: 640 had SN titers of 10*" to 10®° em- 
bryo Ld.,,, without any relationship between 
the height of the titers in the two tests, and 
serums reacting below the 1:10 dilutien in 
the HI test had equally high SN titers. Six 
serums having no HI activity had SN titers 
between 10! and 10 embryo Ld..,. On the 
sixth day following exposure, 11 chickens 


~-McCoLLuM Am. J. Ver. Res 
which had preéxposure SN titers of zero to 
four embryo Ld..,. showed titer increases 
of 100 to 200 embryo Ld... Of these, 5 had 
no demonstrable HI antibody, while 1 in- 
hibited at dilution 1:5, 2 at 1: 10, and 2 at 
1:20. Ten chickens, which had shown no 
SN activity in the preéxposure test, neu- 
tralized more than ten but less than 100 
embryo lLd..,. No member of this group 
showed any HI activity. For the sixth day 
period, there was a demonstrable increase 
in the neutralizing capacity of serums from 
25 chickens which had not yet developed 
any HI activity. Five chickens showed an 
increase in both the SN and HI capacity of 
the serum. There was no increase in either 
SN or HI activity on the sixth day serum 
of 23 chickens. 

Under the conditions of this experiment, 
the serum of normal] chickens 8 weeks old 
neutralized less than ten embryo Ld... of 
NDV. By following the development of SN 
antibody by periodic testing, it was indi- 
cated that SN titers of 100 or more embryo 
L.d.,o may be regarded as evidence of exist- 
ing infection or previous experience with 
NDV. Neutralizing titers of more than ten 
but less than 100 embryo l|.d.,,. may be re- 
garded as questionable, pending further in- 
vestigation of flock history and laboratory 
testing. 


HEMAGGLUTINATION-INHIBITION RESPONSE 
OF CHICKENS HAVING PREVIOUS EXPE- 
RIENCE WITH NEWCASTLE DISEASE VIRUS 

In the course of our studies on the HI 
response of chicks vaccinated intranasally 
with the Bl virus, it became evident that 
the HI antibody persisted for only a short 
period following intramuscular or intra- 
nasal inoculation. Also, it was observed that 
the development of significant HI antibody 
occurred at. approximately the same rate 
with the B1 virus as with more pathogenic 
viruses, strains Ky-50, Ky-90, and 11914. 
The duration of the HI response, however, 
was much lenger with the more pathogenic 
viruses. Aiso, they produced higher average 
titers in similar groups of susceptible 
chicks. Different age groups vaccinated 
with the B1 virus usually had lost sufficient 
HI antibody within thirty to seventy days 
following vaccination, so that their titers 
were below diagnostic levels. 

In challenging chicks vaccinated with the 
B1 virus for determining their refractivity 
to infection with virulent NDV, Ky-50, 
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Ky-90, and 11914, it was found that the 
chicks which had experience with the Bl 
virus had an Hl-antibody response different 
from that of susceptible chicks. As a group, 
the chicks having earlier experience with 
the B1 virus showed an elevation of the 
average titer on the fifth day following 
challenge exposure and a very rapid in- 
crease in titers on the sixth, seventh, and 
eighth days. The group average titers for 
susceptible chicks did not reach diagnostic 
levels until the eighth day following ex- 
posure and a rapid increase in HI titers 
occurred from the ninth to twelfth days 
(fig. 1). This rapid anamnestic''* response 
is more satisfactorily demonstrated in a 
group than in individual chickens. Some of 
the experienced chicks will show a definite 
increase in titer on the fourth day follow- 
ing the second exposure to NDV. Nearly 
all will show a significant increase of HI 
antibody on the fifth and sixth days. With 
susceptible chicks which have had no pre- 
vious contact with NDV, diagnostic titers 
of 1:10 have not been obtained on the fifth 
day. Diagnostic titers will be present in 
some susceptible chicks on the sixth day, 
with the majority developing titers of 1: 10 
or higher from the seventh to tenth days. 
With individual chicks, it appears that the 
HI-titer response at the sixth or seventh 
day following exposure might not indicate 
previous experience with the virus. For a 
group of 15 to 20 chicks, however, a rapid 
rise in the average titer beginning on the 
fourth or fifth day following intranasal, 
intratracheal, or intramuscular exposure is 
indicative of previous experience with 
NDV. 

The rate and height of the HI response 
following the second experience with NDV 
has been of value in determining the sus- 
ceptibility status of chicks employed in im- 
munization studies. Assessment of the HI 
response from the fourth through the tenth 
days after inoculation is sufficient for de- 
termining the status of a group of chicks 
in regard to previous experience with NDYV. 
By this procedure, it should be possible to 
eliminate interference by previously expe- 
rienced, low grade, inapparent infection in 
studies on immunization procedures, Chicks 
carrying yolk-transferred antibody, and the 
protection conferred therewith, have been 
found to show no symptoms of infection 
when challenged with viruses of low patho- 
genicity. Such chicks develop a very low 
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and transient HI response to challenge ex- 
posure. However, when they are challenged 
again a few weeks later, these chicks show 
the anamnestic response characteristic of 


1 


Days 

A Bl vaccinated, day-old susceptibles 

B Group A Intratracheal challenge at forty days 

| vace nated, 5-week-old susceptibles 


> Group C. Intratracheal challenge at eight weeks 


Fig. |\—Hemagglutinetion-inhibition response of sus- 
ceptible chicks and of chicks having previous experi- 
ence with Newcastle disease virus. 


chickens which have had previous expe- 
rience with NDV. Since very young chicks 
from immune hens frequently do not re- 
spond to infection with HI titers exceeding 
those which may be conferred by the yolk, 
the anamnestic response to a second ex- 
posure provides a means of establishing the 
presence of ND infection when virus isola- 
tion may fail to do so. 


HEMAGGLUTINATION-INHIBITION 
TITERS OF YOLK 


The investigation reported by Schmittle 
and Millen* demonstrated the presence of 
HI antibody in the yolk of eggs laid by 
immune hens and provided a method of 
testing for its presence. As indicated by 
them, the egg-yolk antibody may provide a 
more expedient means for determining ex- 
perience with NDV than serum samples. 
Yolk extracts for our study were prepared 
by the method outlined by the above authors. 
Eggs were obtained from a group of 34 
hens maintained in individual pens in lay- 
ing batteries. The eggs were collected dur- 
ing a fifteen-day period, 105 through 120 
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days following an outbreak of ND diag- 
nosed by NDV isolation. Serum samples 
were obtained at the beginning and end of 
the egg-collection period. Hemagglutina- 
tion-inhibition tests were made on 266 eggs, 
an average of 7.82 per hen. The yolk titer 


TABLE 4—Hemagglutination-Inhibition Titers of Serum 
and Egg Yolk from immune Hens 


Serum No Hange Serum 
titer of 


Mar.16 exes 


Average 
titer 
ot yo 


Hen 


160 
160 
320 
160 
ao 
RO 
320 
640 
370 
sO 


for different eggs from individual hens 
varied from two- to sixteenfold during the 
fifteen-day period. Apparently, this varia- 
tion was due to the hens having veached a 
period of rapid fall of HI titers in the 
serum. An average HI titer of 1: 230 was 
obtained for the serum samples at the be- 
ginning of the egg-collecting period, while 
an average titer of 1:96 resulted from 
serums obtained at the end of the egg- 
collecting period. The average HI titer for 
the entire group of 266 eggs was 1: 159.4, 
while the midpoint for the difference in the 
serum titers was 1: 163, indicating a close 
over-all agreement between the yolk and 
serum titers. The HI titers for eggs and 
serums of a representative group of hens 
is shown in table 4. 


SUMMARY 


Hemagyglutination-inhibition (HI) tests 
by the beta procedure, employing five 
hemagglutinating (HA) units of Newcastle 
disease virus (NDV) and 0.5 cc. of 0.5 per 
cent chicken red cells with the serum of 
normal unexposed chicks, 1 day to 8 weeks 
old, failed to give complete inhibition of 
agglutination at dilutions greater than 1:5. 

Chickens experimentally exposed by in- 
tranasal, intratracheal, and intramuscular 
administration of NDV have not shown HI 
titers higher than 1:5 on the fifth day fol- 
lowing exposure. Ascension of HI activity 
began on the sixth day or later, usually in 
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serum dilutions of 1:10 or 1: 20, indicating 
that complete inhibition at these dilutions 
is of diagnostic value. Over 90 per cent of 
experimentally exposed chickens have shown 
positive titers at the tenth day and 100 
per cent were positive at the twelfth day. 

Chickens which have experienced infec- 
tion with NDV and subsequently have lost 
demonstrable HI antibody from the serum 
show an anamnestic response to a second 
exposure with NDV. In these, an increase 
of HI antibody begins on the fourth and 
fifth days and rises rapidly on the sixth, 
seventh, and eighth days. In contrast, sus- 
ceptible chickens, having had no previous 
experience with NDV, show the first posi- 
tive titers on the sixth day or later, with a 
rapid increase in group average titer from 
the eighth to tenth days. 


Examination of serums from 56 chickens 
8 weeks old showed neutralizing capacity 
of less than ten embryo lethal dose (1.d.,.). 
Periodic testing for serum-neutralization 
(SN) activity of the same birds, following 
exposure to NDV, indicates that a neutral- 
ization capacity of more than ten and less 
than 100 embryo Ld.,, may be regarded as 
indicative of infection with NDV in chick- 
ens of this age showing respiratory disease. 
This interpretation pertains in the absence 
of known previous infection or vaccination. 
Similarly, SN titers of 10° embryo Ld... or 
higher in chickens of this age may be re- 
garded as diagnostic of infection with NDV. 

Hemagglutination-inhibition reactions ob- 
tained from egg yolk and serum of hens 
several months after a natural outbreak of 
ND have been found approximately equal. 

Experimentally exposed chickens showed 
an earlier demonstrable increase in SN anti- 
body than in HI antibody. 
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The Effects of Commercial Living Newcastle Disease 
Virus Vaccines 


S. L. ZARGAR, M.S., G.B.V.C., and B. S. POMEROY, D.V.M., Ph.D. 


St. Paul, Minnesota 


NEWCASTLE DISEASE (ND), a highly com- 
municable and fatal infection of poultry, 
was first diagnosed in Minnesota in May, 
1946. Within a period of thirty-two months 
ending January, 1949, 821 outbreaks of the 
disease had been recorded and confirmed 
in the state. At present, 76 of the 87 coun- 
ties are known to have the disease in poul- 
try. It is causing losses, not only in this 
state, but similar discouraging reports are 
received from other parts of the United 
States as well. A new focus of infection 
often has its origin in newly introduced 
1-day-old or started chicks. How the infec- 
tion gets into a hatchery, and to what ex- 
tent these hatcheries may spread the dis- 
ease i” a state where commercial poultry 
farming is prevalent, remains to be ascer- 
tained. Live Newcastle disease virus (NDV) 
has been recovered by some investigators 
from the yolk of eggs laid during the acute 
stages of natural outbreaks. 

Beach? has reported the isolation of avian 
pneumoencephalitis (ND) virus from ovarian 
tissue of a hen. Van Roekel* and Jungherr’ 
obtained the virus from fresh eggs. Beau- 
dette* had no difficulty in recovering NDV 
from eggs laid during the period of systemic 
reaction following the administration of a 
relatively avirulent strain of virus. Workers 
in Massachusetts! examined 250 eggs pro- 
duced by 15 chickens up to thirty-three days 
postvaccination, and recovered the NDV from 
only six eggs of which three were laid on the 
fifth day, one on the sixth, and two on the 
seventh day after vaccination. DeLay* reported 
that though the virus could be recovered from 
infertile eggs and dead embryos, it was not 
recovered from live embryos examined at vari- 
ous stages of development. From the above 
findings, it is evident that eggs laid during an 
acute attack of the disease or during the period 
of reaction following the use of live vaccine 
can serve as a source for the spread of the 
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disease. lyer,’ Brandly,, and Markham’ have 
reported that a mild ND outbreak was pro- 
duced in a vaccinated flock, following the use 
of viable ND vaccine. The experiments re- 
ported in the following pages were undertaken 
with a view to ascertain the reaction of living 
vaccine in laying flocks and to determine the 
exact period during which virus can be found 
deposited in the eggs, and whether or not the 
virus isolated from eggs is pathogenic to 
chickens, 


EXPERIMENTAL PROCEDURE 


Two commercially prepared ND vaccines, 
1 and 2, were employed in this study. The 
vaccines were made into suspensions accord- 
ing to the instructions given on the label. 
Penicillin and streptomycin were added to the 
vaccine to give a final concentration of 1,000 
units of penicillin and 0.5 mg. of streptomycin 
per 1 ml. of vaccine suspension. The anti- 
biotics were allowed to act at room tempera- 
ture for ninety minutes. Each vaccine was 
later inoculated into the allantoic cavity of 
3, 10-day-old embryonated eggs. After the 
death of the embryo, the allantoic and am- 
nionic fluids were harvested under aseptic con- 
ditions. To eliminate the possibility of bac- 
terial infection, samples of the fluids from each 
egg were cultured on veal infusion agar. Only 
sterile samples were used for the experimental 
work. The pooled allantoic and amnionic fluids 
in dilutions of 10 ' or 10% were used for vac- 
cination either by the “stick method” or by the 
subcutaneous route. 

Vaccination of Flocks.—Laying birds, which 
are hemagglutination-inhibition (HI) nega- 
tive, were vaccinated with commercial ND vac- 
cines, 1 and 2. A flock of 159 pullets and 20 
cockerels at Crookston was vaccinated on Nov. 
23, 1948. The stick method was employed with 
vaccine 1, which consisted of pooled allantoic 
and amnionic fluids in a 1:1,000 dilution. 
With a view to recheck the observations made 
in the first experiment, a second flock consist- 
ing of 103 pullets and 7 cockerels at another 
farm was vaccinated on March 19, 1949, using 
vaccine 2 in a 1:10 dilution, by injecting sub- 
cutaneously in 0.5-ml. Records were 
kept on egg production before and after vac- 
cination. Representative samples of eggs pro- 
duced on each day following vaccination were 
collected, and attempts were made to isolate 
virus from them. 
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Collection and Preparation of Material. 
Yolk.—To isolate NDV from the yolk, the egg 
shell covering the air chamber was sterilized 
by applying a solution of bichloride of mercury 
in aleohol (1:1,000). The shell over the air 
space was carefully removed and 1 ml. of yolk 
material was drawn into a sterilized blunt-end 
pipette for transfer to a sterile tube. Then, 
5 ml. of sterile normal saline was added to the 
yolk and the tube manually rotated to make 
a homogeneous suspension. To each of the 
yolk suspensions was added 0.2 ml. of peni- 
cillin and 0.2 ml. of streptomycin solution to 
give a concentration of 1,000 units of penicillin 
and 0.5 mg. of streptomycin per 1 ml. of 
inoculum. The treated material was then 
allowed to stand for ninety minutes before it 
was used as inoculum. 

Tissues.—In order to ascertain the patho- 
genicity of the live NDV isolated from the 
eggs, it was inoculated into susceptible chick- 
ens 4 to 6 weeks old. The lungs, liver, spleen, 
and feces were collected from those that died. 
These tissues were well triturated with sand 
in a sterile mortar. A 10 per cent suspension 
of each tissue was made in sterile normal 
saline and was treated with penicillin and 
streptomycin before inoculation in the same 
manner as the yolk material. 

Feces.-Samples of feces were collected from 
birds of the flock which were vaccinated with 
vaccine 2 in March, 1949. Samples of feces 
were also collected from chickens which died 
as a result of inoculation of the virus isolated 
from eggs. A 10 per cent suspension of the 
feces was made in normal saline. This was 
treated similarly with antibiotics for ninety 
minutes at room temperature before inocula- 
tion. 

Inoculation of eggs, harvesting of allantoic 
and amnionic fluids, titration of virus in vitro, 
and HI tests were conducted according to the 
general outlines as suggested by the U. S. De- 
partment of Agriculture, Agricultural Re- 
search Administration Memo, Aug. 15, 1946. 
The observations made are summarized below. 


EFFECT OF COMMERCIAL NEWCASTLE 
DISEASE VACCINE 1 

Laying Birds,—This previously described 
flock, vaccinated on Nov. 23, 1948, showed 
clinical manifestations of ND from Novem- 
ber 30 to December 6. There was a loss of 
appetite, a general weakness, and loss of 
weight. Twelve birds showed definite signs 
of leg weakness or partial paralysis. Dur- 
ing this period, the egg production was at 
its lowest level and most of the eggs were 
laid on the floor. Most of the eggs had weak 
or soft shells, or none. Consequently, they 
broke easily and there was a tendency to 
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eat the eggs even though the birds had 
been debeaked when housed. The normal 
health, weight, and appearance of the flock 
was regained in about forty-five days after 
vaccination, 

Egg Production.-The average egg pro- 
duction per day from the flock of 159 pullets 
before and after ND vaccination (Nov. 23) 


is shown in table !. 


TABLE | 


Production per 
100 birds 


Flock 
preniuction 
113 


‘ 


Vaccination caused a gradual fall of egg 
production, which reached its lowest point 
on the tenth day after vaccination. After 
this, a gradual rise in egg production was 
noticed, which reached its prevaccination 
level in about forty-five days. 

Quality of Eggs.—In addition to the drop 
in egg production, marked changes were 
noticed in egg shell quality. The most char- 
acteristic alterations were weak shells, soft 
shells, or absence of shell. Many were also 
abnormal in shape, and/or with white, 
chalky textured shells. The white shell color 
varied greatly from the Rhode Island Red 
breed. It was also noticed that the albumin 
had Jost its normal consistency and had be- 
come more fluid. The texture and color of 
the egg shells regained normal appearance 
with the return of the flock to normal health 
and egg production. 

Fertility and Hatchability.—Table 3 gives 
in detail the effect of ND vaccination on 
fertility and hatchability of the eggs pro- 
duced by the flock. The result of the vac- 
cination is shown in table 2. 


TABLE 2 


Fertilit Hatch 
ability 


day before 
5.7 66.6 
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One may not draw definite conclusions 
from the above observations. The fall in 
hatchability may have been due entirely to 
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the indisposition of the cockerels. How- 
ever, during this period, the virus was iso- 
lated from the egys containing dead em- 
bryos. The virus isolated was capable of 
killing susceptible chickens 

Excretion of Live Newcastle Disease 
Virus in Eggs.—All of the eggs laid from 
Nov. 23 to Dec. 11, 1948, were collected and 
stored. Representative samples of eggs pro- 
duced on each day were selected and ex- 
amined for the presence of NDV. Yolk 
material collected from each egg was inocu- 
lated into the allantoic cavity of 3, 10- 
day-old embryonated eggs. After the death 
of the embryos, the allantoic and amnionic 
fluids were harvested and presence or ab- 
sence of NDV determined by the hemag- 
glutination test of 87 egys selected at ran- 
dom. 

The virus was recovered from eggs laid 
on Nov. 25 through Dec, 2, 1948, and hemag- 
glutination titers were 512 or 1,024. Dur- 
ing this period of eight days, when the 
virus was being excreted in the eggs, 41 
eggs were subjected to virus-isolation tests. 
The NDV was recovered from 28 (68.2% ) 
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of the eggs. It is interesting to note that 
from Nov. 27 to Dec. 1, 1948, virus was 
isolated from every egg cultured. 

In addition, the remaining eggs laid from 


Nov. 23 to Dec. 11, 1948, were incubated 
for hatching. They were candled after 


seven and eighteen days of incubation. All 
of the infertile eggs, or those with dead 
embryos, found on the seventh day were 
removed, and 76 representative eggs from 
this source were subjected to hemagglu- 
tination tests and tests for isolation of 
virus. Hemagylutination titers varied from 
256 to 4,096, and the virus was recovered 
from 19 out of 34 (55.9% infertile or 
dead embryo eggs laid during the eight-day 
period from Nov. 25 to Dec. 2, 1948. Quite 
contrary to this observation, no virus could 
be isolated from the egys collected during 
the same period which passed the candling 
on the seventh day but were candled out on 
the eighteenth day. Thirty-five embryos, 
dead between the seventh and eighteenth 
days of incubation, were examined, and all 
were negative for the virus as determined 
by single passage in embryonated eggs. 


» TABLE 3—Effect of Newcastle Disease Virus on Fertility and Hatchability 
Candied 7th day Candled 18th day 
= 
= = 
'- 
= 
Date No = Falled No. 
1948 = hatch hatched 
Pertod virus not recovered 
23 12 13 56 
24 7 11 2 20 59 
Total ons 23 1! 
Pertod virus recovered 
2 11 13 17 18 20 42 
32 19 18 38 
27 110 17 19 12 26 4. 
28 72 13 12 16 10 27 
29 12 9 11 24 
a0 9 7 16 
1948 
1 4 6 4 13 
2 23 ‘ 2 3 12 
Total AQ 105 he 214 
Period virus not recovered 
2 20 2 3 2 4 9 
‘4 19 ‘ 0 ‘ 9 
5 18 3 a ( 2 12 
6 : 1 3 12 
7 27 6 2 2 
9 12 ‘ J 17 
45 18 2 7 9 
it ay 15 6 3 11 14 
Total 273 68 “4 17 ‘4 101 


= 
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Some of the chicks which hatched showed 
paralysis of the legs and wings. They 
showed marked nervous symptoms, as seen 
in natural clinical cases of ND. These were 
destroyed immediately, and the spleen, liver, 
lungs, and yolk were injected separately 
into eggs to test for the presence of the 
virus. None of the 8 chicks yielded NDV. 

Pathogenicity of Virus Isolated from 
Eggs to Chickens.—The pathogenicity of 
the virus isolated from eggs was determined 
by injecting susceptible chickens. Forty 
chickens in eight groups of 5 each were in- 
oculated with 0.2 ml. of a 10°! dilution of 
the virus isolated from eggs laid during 
the period of Nov. 25 through Dec. 2, 1948. 
Ten chickens were used as controls. Clin- 
ical signs of ND, which included partial 
paralysis of legs and wings, were noticed 
in 12 chickens. The recorded mortality in 
the various groups is shown in table 4, 


TABLE 4 
late virus isolated No. birds 
(1948) inoculated Deaths 
Nov. 25 and 26 10 1 
Nov. 27 and 28 10 1 
Nov. 29 and 36 10 3 
Lex land 2 10 1 


The total recorded mortality in 40 birds 
was 6 (15%). The controls gave negative 
results. 

Samples of lungs, liver, spleen, and feces 
of the above chickens that died were sub- 
jected to virus-isolation tests and from 
each of them NDV was recovered. 

To determine the immunity of the sur- 
vivors to ND, all of them, including the 
controls, were challenged with a virulent 
strain of NDV (11914 California). All of 
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the 10 controls died of ND, while the re- 
maining 34 chickens, which were inoculated 
earlier with virus isolated from eggs, were 
immune. 


EFFECT OF COMMERCIAL NEWCASTLE 
DISEASE VACCINE 2 

In addition to observations recorded for 
ND vaccine 1, a commercial vaccine from a 
different source, vaccine 2, was used. The 
vaccine, as in the previous experiment, was 
inoculated into 10-day embryonated eggs. 
The embryos died within seventy-two hours. 
Allantoic and amnionic fluids were col- 
lected aseptically. The mixed fluid in a 
dilution of 10° was used as a vaccine in 
doses of 0.5 ml. given subcutaneously. A 
flock of 103 birds known to be HI negative 
at the time of vaccination was inoculated 
with this vaccine. Seven cockerels, pre- 
viously vaccinated against ND, were kept 
with the flock. Record of egg production 
before and after vaccination was kept. The 
various other observations which were made 
are summarized below. 

Laying Birds.—Following vaccination, a 
loss of appetite occurred, respiratory symp- 
toms developed, and diarrhea was observed. 
The birds regained their normal health in 
about thirty days after vaccination. 


TABLE 5 
Flock Production per 
1949 production 100 birds 
March 10 to 19 50 45 
March 20 to 29 7 15 
March 36 to April § 5 4 
April to 18 31 


Egg Production.—Table 5 shows in de- 
tail the trend of egg production before and 
after vaccination on March 20. 


Graph |—Effect of Newcastle disease vaccination on egg production | cial ine No. 1). 
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Vaccination resulted in a sharp fall in egg 
production, which reached its lowest point 
on the tenth day after vaccination. After 
this, there was a gradual daily rise to the 
prevaccination level within about thirty 
days. 

Quality of Eqgs.— The loss was not re- 
stricted to the quantity of eggs but included 
marked changes in quality, particularly of 
the shell and of the albumin. After vac- 
cination, an appreciable number of off- 
shaped, weak, and soft-shelled eggs, as well 
as eggs without shells, were laid. The tex- 
ture and color of the egg shells regained 
their normal character with the return of 
the flock to normal health and egg pro- 
duction. 

Fertility and Hatchability.—Unfortu- 
nately, in the second experiment, the fall of 
egg production resulted in insufficient eggs 
on each day for adequate virus-isolation 
tests. The percentage fertility and hatch- 
ability before vaccination was 84.2 and 70.4, 
respectively. During the period when the 
virus was being excreted in the eggs, only 
58 eggs were laid and all were utilized for 
virus-isolation attempts. However, 56 eggs 
collected three, four, and five days after 
vaccination were incubated. When they 
were candled on the seventh day, six eggs 
were found infertile. 

Excretion of Virus in Eggs.—The num- 
ber of eggs examined was 32 and the num- 
ber from which the virus could be recovered 
was 20 (66.7%), from March 22 to 28, 
1949 (see graph 2). During this period, 
hemagglutination titers varied from 1,024 
to 4,096. 

Furthermore, the remaining eggs col- 
lected on the third, fourth, and fifth days 
following vaccination were incubated. Prior 
to incubation, they had been stored for 
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eight days at 50 F. During each day of in- 
cubation, two eggs from the lot were re- 
moved from the incubator and subjected to 
virus-isolation Virus was recovered 
from five out of 53 eggs tested. The isola- 
tions were from eggs which had been in- 
cubated for five, seven, and nine days. 

Samples of feces were collected on March 
23, four days following vaccination, when 
the virus was known to have been excreted 
in eggs. The virus was recovered from two 
pooled samples of feces. The virus was also 
recovered from the external washings of 
the eggs collected on third, fourth, and 
fifth postvaccination days. 

Pathogenicity for Chickens of Virus Iso- 
lated from Eggs.—Samples of virus isolated 
from eggs at three, four, and five days and 
from the feces of the third day postvaccina- 
tion were injected in dilution of 10' in 
doses of 0.2 ml. into 40 susceptible chicks 
about 4 to 5 weeks old. Marked dullness 
was noticed in the inoculated birds on the 
fourth day. Four birds showed partial 
paralysis of the wings and legs. Two birds 
died on fourth and sixth day postinocula- 
tion, and NDV was isolated from liver, 
lung, spleen, and feces of each. The hemag- 
glutination titer of the virus was 1,024. 

Observations made on the use of ND vac- 
cine 2 were similar to those with vaccine 1. 
The main observations were: 

1) Clinical signs of ND in 
flock. 

2) Loss in egg production. 

3) Production of soft-shell and off-color 
eggs. 

4) Recovery of live NDV from eggs laid 
two to ten days following vaccination. 

5) The virus isolated from eggs when 
inoculated in susceptible chicks produced 
clinical ND. 


tests. 


vaccinated 


Graph 2—Effect of Newcastle disease vaccination on egg production (commercial vaccine No. 2). 
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NEWCASTLE DISEASE VIRUS VACCINES 


DISCUSSION 


Egg-propagated live virus vaccines 
against ND, presently available on limited 
U. S. Bureau of Animal Industry license, 
have been accepted by some poultrymen and 
employed on a relatively large scale for the 
control of the disease. The modified strains 
of the virus used as live virus vaccines are 
in no way ideal, yet fairly good results 
have been reported from uncontrolled field 
use of these vaccines. The two commercial 
vaccines used in the experiment gave rise 
to mild ND outbreaks which in many re- 
spects were indistinguishable from a nat- 
ural outbreak. A fall in egg production 
associated with off-color and soft-shell eggs 
was a constant postvaccination feature. The 
presence of NDV in egg volk two or three 
days postvaccination and in the eggs laid 
during the following six or eight days was 
demonstrated. During this period, the virus 
was recovered from 68.2 per cent of the 
eggs. The NDV isolated from the eggs was 
pathogenic to susceptible chickens. Fur- 
thermore, after vaccination, NDV was iso- 
lated from the feces of inoculated birds and 
this virus killed susceptible chickens. The 
NDV was also recovered from the washings 
of the egg shell surface. Thus, while vac- 
cinating a flock against ND with live virus 
vaccine, there may be produced not only a 
mild outbreak of ND but easily breakable 
and otherwise abnormal eggs which con- 
tain live NDV. Through the medium of 
the infected eggs, NDV can be spread from 
flocks to hatcheries and from there to vari- 
ous remote parts of the country. 


SUMMARY AND CONCLUSIONS 


Results are reported on the use of two 


commercial Newcastle disease (ND) vac- 
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cines in two flocks of 179 and 110 birds, 
respectively. The chief results were: 

1) Following vaccination, the birds 
showed clinical signs of ND which were in- 
distinguishable from natural outbreaks. 

2) A fall in egg production as a sequel 
to ND vaccination was a constant feature. 

3) A drop in egg production was asso- 
ciated with the production of off-color, mal- 
formed, and soft-shelled eggs. 

4) The Newcastle disease virus (NDV) 
was found in the yolk of 68.8 per cent of 
the eggs laid two to ten days after vac- 
cination. 

5) The NDV isolated from the eggs was 
pathogenic for susceptible chickens, 

6) The NDV was also recovered from 
the feces and egg shell washings of vac- 
cinated birds. 
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Sulfaquinoxaline, Nitrofurazone, and Nitrophenide in the 
Prophylaxis of Experimental Eimeria Necatrix Infection 


E. H. PETERSON, Ph.D., D.V.M., and T. A. HYMAS, B.S. 


Pullman, Washington 


ALTHOUGH A VAST amount of information 
is available on the prophylaxis and therapy 
of cecal coccidiosis in the chicken, compara- 
tively few data are to be found regarding 
experimental or field studies of avian intes- 
tinal coccidiosis, including intestinal coc- 
cidiosis due to Eimeria necatric. 

Levine'’ showed sulfanilamide and sulfa- 
pyridine to be ineffective prophylactically 
against E. necatric and Eimeria tenella infec- 
tions, although the same drugs were active 
against infections due to Eimeria praecoz, 
Eimeria mitis, Eimeria hagani, and Eimeria 
acervulina, Levine,** however, observed the 
administration of 1.5 per cent sulfaguanidine 
or 5 per cent sulphur in the mash to be effec- 
tive prophylactically against EF. necatriz infec- 
tion. 

Grumbles and Delaplane,” and Grumbles, 
Delaplane, and Higgins*’ found the intermit- 
tent feeding of 0.05 per cent sulfaquinoxaline 
mash or the continuous administration of the 
drug as 0.0125 per cent of the ration to be 
markedly effective in reducing mortality and 
sustaining maximum growth in groups of ex- 
perimental and broiler birds exposed to infec- 
tion with EF. necatriz. 

The present studies were undertaken to in- 
vestigate quantitatively the prophylactic effect 
of three drugs, sulfaquinoxaline (SFQ), nitro- 
furazone (NFZ), and nitrophenide (NIT) 
against experimental EF. necatriz infection in 
young chicks. 


PROCEDURE 


Battery-reared, 4- to 6-week-old White Leg- 
horn cockerels were divided into groups, usu- 
ally of 10 chicks each, and each bird exposed 
orally to infection with approximately 100,000 
sporulated odcysts of E. necatrix. Test drugs 
were administered in the water or in the feed 
at successive 24-hour periods following infec- 
tion. Medication was continued for varying 
periods. Results were evaluated by noting 
mortality and determining growth curves. All 
chicks, previously wing banded, were weighed 
individually. Average weight figures were 
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interpolated in where losses occurred 
in respective groups. Observations were con- 
tinued in all groups until convalescence from 
the infection occurred, as determined by cessa- 
tion of deaths and resumption of positive 
weight gains. 


cases 


RESULTS 


The results of these studies are presented 
in five figures and two tables. Shown in 


Fig. !—Effect of sulfaquinoxaline medication upon 
Eimeria necatris infection. Groups of 4-week-old White 
Leghorn cockerels infected with 100,000 sporulated 
odcysts of F. necotrix and medicated with 0.04 per cent 
sulfaquinoxaline in the water, the onset of medication 
being variable with respect to the time of infection. 
The broken line portions of the curves represent medi- 
cation periods 
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EIMERIA NECATRIX INFECTION 


figure 1 are growth curves of chick groups 
infected with E. necatrix ojcysts and sub- 
sequently medicated with 0.04 per cent SFQ 
in the water. Medication in lot 6 began 
twenty-four hours after infection; in lot 5, 
forty-eight hours after infection, and so 
forth to 120 hours after infection in lot 2. 
The objective was to determine how soon 
after infection SFQ must be administered 
in order to exert maximum prophylactic 
effect. With the degree of exposure to in- 
fection employed, it is seen from figure 1 
that SFQ administration must begin no 
later than twenty-four hours after infection 
(lot 6) in order to preclude mortality and 
to sustain continual growth. 

sird groups in figure 2 were infected 
with 100,000 sporulated oécysts of EF. neca- 
trix and medicated with SFQ in the water 
beginning twenty-four hours after infec- 
tion. Medication was continued for forty- 
eight, seventy-two, ninety-six, 120, and 144 
hours, respectively, in lots 10, 11, 12, 13, 
and 14. Medication for forty-eight or more 
hours (lots 10,.11, 12, 13, and 14), begin- 
ning twenty-four hours after infection, 


averted all mortality, as compared with an 
80 per cent loss in the controls (lot 9), 


but 
continuous medication for five or six days 
(lots 13 and 14) is shown to be necessary in 
order to sustain continuous growth. 

Bird groups in figure 3 were infected with 
100,000 sporulated odcysts of necatrir 
and placed simultaneously upon water con- 
taining varying concentrations of SFQ. 
Sulfaquinoxaline (0.01°.) in the water (lot 
17) had little effect upon the clinical course 
of the infection as contrasted with the un- 
medicated controls (lot 16 Doubling the 
concentration (0.02% )in the water (lot 18), 
however, suppressed mortality and mod- 
erated the clinical course of the disease. 
Higher drug intakes (0.02 and 0.04% in 
lots 19 and 20) not only suppressed mor- 
tality but sustained continual growth. 

The prophylactic activity of NFZ against 
infection with E. necatrix is shown in figure 
4. Groups of chicks, as before, were ex- 
posed to infection with 100,000 sporulated 
odcysts of necatriry and placed simul- 
taneously upon mashes containing varying 
percentages of NFZ. At 0.02 per cent of 
the drug in the mash (lot 22), mortality 
was averted as compared with more than a 
50 per cent loss in controls, but positive 
growth was not maintained. When raised 
to 0.03 per cent (lot 23), it did sustain con- 


tinued growth. Higher drug intakes (0.04 
and 0.05% in lots 24 and 25), while favor- 
ably modifying the clinical course of the 
experimental infections, showed toxic re- 
actions in the birds. 

The same trials were repeated using NIT 
as the test drug. Results are shown in fig- 
ure 5. At 0.02 per cent in the mash (lot 
26), it exerted little modifying influence 
upon the course of the experimental E£. 
necatrix infection. At 0.03 and 0.04 per 
cent of the drug in the mash (lots 27 and 
28), it reduced mortality but did not fore- 
stall a severe, negative growth phase. Mor- 
tality was suppressed in lot 29, medicated 
with 0.05 per cent NIT in the mash, but 
again the birds suffered adverse clinical 
manifestations, as judged by the disturbed 
growth curve. The tolerance limit for 
chicks is approached at 0.05 per cent NIT 
in the mash, hence higher intakes were not 
tested. 

The data in figures 1 to 5 do not indicate 


20 
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Fig. 2—Effect of sulfaquinoxaline medication upon 
Eimeria necatrix infection. Groups of 4-week-old White 
Leghorn cockerels infected with 100,000 sporulated 
odcysts of E. necotrix and medicated with 0.04 per cent 
sulfaquinoxaline in the water for intervals beginning 
twenty-four hours after exposure to infection. The 
broken line portions of the curves represent medication 
periods. 


7 

is 

4 
/ 
/ 
“4 
a 


280 E. H. 


(1) the effect of SFQ administration dur- 
ing the first 24- or 48-hour periods follow- 
ing exposure to infection with FE. necatriz, 
and (2) the minimum intake of NFZ neces- 
sary to obviate mortality with the exposures 
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Fig. 3—Effect of sulfaquinoxaline medication upon 

Eimeria necatria infection. Groups of 4-week-old White 

Leghorn coskerels infected with 100,000 sporulated 

odeysts of necatrix and medicated with varying levels 

of sulfaquinoxaline in the water beginning at the time 
of infection. 


to infection employed Additional trials 
were set up to clarify these points. 

Groups of chicks were exposed orally to 
infection with EF. before. In 
the first instance, SFQ administration, 0.04 
per cent in the water, was initiated simul- 
taneously with infection and maintained in 
the test lots, respectively, for twenty-four, 
forty-eight, and seventy-two hours. In the 
second instance, lots of birds were similarly 
exposed to infection and medicated simul- 
taneously with 0.02, 0.01, and 0.005 per cent 
of NFZ in the mash. Results are shown in 
tables 1 and 2. 

From table 1, it is apparent that SFQ 
medication for twenty-four or forty-eight 
hours only, following exposure to infection 


mecatrix, as 
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with E. necatric, has little or no modifying 
influence upon the course of the infection. 
Medication, however, for seventy-two hours 
was of apparent benefit, as only 2 
birds were lost, contrasted with a loss of 
6 in the controls. 


some 


In table 2, NFZ is shown to be remark- 
ably effective at low intakes in reducing 
mortality as a result of severe E. necatriz 
infections. As in figure 4, lot 22, mortality 
did not occur in the bird lot receiving 0.02 
per cent NFZ (lot 36 Reduced mortality 
occurred in the groups receiving 0.01 and 
0.005 per cent of the drug in the mash (lots 
34 and 35), as compared with the controls 
lot 33). Negative phases occurred in the 
growth curves (not shown) of the three 
medicated lots, but the adverse effect was 
decidedly less severe in all three lots than 
that occurring in the infected control group. 
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Fig. 4—Effect of nitrofurazone medication upon Eimeria 

necatriz infection. Groups of 4-week-old White Leg 

horn cockerels infected with 100,000 sporulated odcysts 

of E. necatrix and medicated with varying levels of 

nitrofurazone in the mash beginning at the time of 
infection. 
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EIMERIA NECATRIX INFECTION 


DISCUSSION 


Intestinal coccidiosis due to E. necatrix is 
commonly described in textbooks as being 
chronic in nature. In our experimental 
studies with this parasite, some of which 


TABLE of Sulfaquinoxaline Medication upon 
Eimeria Necatris Infection 


Duration of 
medioa tion 


orn cockerels 
sporulated obcysts of imenrta 
ated with 6.04 per cent SFW in 
gx at the time f infection 


are reported in this paper, we have observed 
E. necatrix infection to be an acute, not a 
chronic, disease. As with cecal coccidiosis, 
clinical manifestations following infection 
with FE. necatriz, as judged by disturbed 
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Fig. 5—Effect of nitrophenide medication upon Eimeria 

necotrix infection. Groups of 4-week-old White Leg 

horn cockerels infected with 100.000 sporulated odcysts 

of E. necatrix and medicated with varying levels of 

nitrophenide in the mash beginning at the time of 
infection. 
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growth curves, appear abruptly on the fifth 
day following infection. The acute phase of 
the disease persists for four or five days 
(lots 1, 9, and 16 in fig. 1, 2, and 3), follow- 
ing which convalescence ensues. As with 
cecal coccidiosis, essentially all mortality 
occurs upon the fifth, sixth, or seventh days. 
Recovery from infection, however, may be 
somewhat protracted, as we have observed 
macroscopic lesions of the disease in birds 
sacrificed three weeks after infection. 

Assuming that E. necatrir undergoes two 
usexual multiplication cycles corresponding 
to the multiplication cycles of EB. tenella, 
the data indicate the mechanism of sul- 
fonamide prophylaxis to be somewhat dif- 
ferent in the two infections. Farr and 
Wehr* have shown the second generation 
schizonts and the corresponding merozoites 
to be the developmental stage primarily at- 
tacked by sulfamethazine in cecal coccidio- 
sis of the chicken. Consistent with this 
finding, Peterson® showed SFQ administra- 
tion for a 48-hour period, beginning seven- 
ty-two hours after infection, to be fully 
prophylactic against the experimental in- 
fection. The data in figures 1 and 2, how- 
ever, indicate all stages in the asexual gen- 
erations of FE. necatrix to be probably more 
or less equally susceptible to the action of 
SFQ, and drug restraint appears to be nec- 
essary, during the entire asexual multiplica- 
tion cycles of the parasite, and possibly also 
during sexual stages of development (fig. 
2, lots 13 and 14), in order to exert maxi- 
mum prophylactic effect. 

A coccidiostatic effect of SFQ upon E. 


TABLE 2—Effect of Nitrofurazone Medication upon 
Eimeria Necatris Infection 
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Lechorn cockerels 


of Fimeria 
ving levels of NFZ 


and medicated with ve 
hh te nning at the time of infection 


necatrix is shown in lots 10, 11, 12, and 13 
(fig. 2 Deviations in the growth curves 
occurred three days after drug withdrawals 
in lots 10 and 12, and four days after drug 
withdrawals in lots 11 and 13. 
Sulfaguinoxaline, as administered, prob- 
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ably had little or no effect upon the spor- 
ozoite stage in the life cycle of E. necatriz, 
since drug administration during the first 
forty-eight hours after infection had little 
or no effect upon the clinical course of the 
disease (table 1). The nature of the growth 
curves (not shown) further substantiate 
this conclusion. 

In figure 3, the administration of 0.01 
per cent SFQ in the water had little effect 
upon experimental EF. necatrix infection. At 
0.02 per cent drug in the water, mortality 
was averted, although the birds did undergo 
a brief negative growth phase. Maximum 
effect was secured with the administration 
of 0.03 per cent SFQ. Undoubtedly, the 
degree of exposure in most naturally occur- 
ring outbreaks of EF. necatrizx infections is 
less than that employed in our experimental 
birds. It would seem, therefore, that the 
administration of 0.02, or at most 0.025, 
per cent SFQ in the water to flocks suffer- 
ing from clinical coccidiosis due to FE. neca- 
trix should be sufficient for near maximum 
benefit. Peterson® observed the adminis- 


tration of 0.04 per cent SFQ in the water 
to be necessary for maximum benefit in the 
prophylaxis of experimental FE. tenella in- 


fection. Apparently E. necatrix requires 
only about one half as much SFQ for sup- 
pression as does £. tenella. The same ratio 
may or may not hold with other drugs. The 
data in figure 2 suggest that SFQ medica- 
tion in field outbreaks of clinical FE. necatrixr 
infections should be continuous for several 
days for maximum benefit, thus differing 
from the short term, interval treatment pro- 
grams commonly recommended for the con- 
trol of cecal coccidiosis. 

The data in figures 4 and 5 indicate NFZ 
and NIT to be effective prophylactically 
against FE. necatrix infection. Sulfaquin- 
oxaline, however, would appear to have an 
advantage over these two drugs in the treat- 
ment of clinical outbreaks. With 
the exposure to infection employed, the ad- 
ministration of 0.08 or 0.04 per cent SFQ 
in the water suppressed mortality and sus- 
tained continuous growth without evidence 
of toxicity. With the exception of lot 23 
(fig. 4), degrees of NFZ or NIT medication 
were not found which would simultaneously 
inhibit mortality from FE. necatrix infection 
and maintain continuous growth in the 
birds. The administration of 0.03 per cent 
NFZ to the birds in lot 23, where continuous 
growth was maintained, represents maxi- 
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mum or near maximum tolerance of the 
drug by the birds and hence could not be 
used commercially without some hazard. 
The data do not forecast, however, that a 
low level, continuous administration of 
either NFZ or NIT might not be satisfac- 
tory in the prophylaxis of intestinal coc- 
cidiosis due to E. necatriz. On the con- 
trary, the remarkable activity of NFZ at 
low level intakes, indicated in figure 4 and 
table 2, may portend special merit for the 
drug in this regard. 


CONCLUSIONS 


Experimental chicks were infected with 
100,000 sporulated odcysts of Eimeria neca- 
trix per bird and the modifying influence 
of sulfaquinoxaline (SFQ), nitrofurazone 
(NFZ), or nitrophenide (NIT) adminis- 
tration upon the clinical nature of the re- 
sulting coccidial infections were noted. The 
following conclusions are drawn: 

1) In order to exert maximum prophy- 
lactic benefit, the administration of SFQ in 
the water must begin no later than twenty- 
four hours after infection and continue for 
a minimum of five or six days. 

2) The administration of 0.01 per cent 
SFQ in the water had little influence upon 
the course of the experimental disease. The 
administration of 0.02 per cent of the drug 
averted mortality and markedly moderated 
the clinical nature of the disease. The ad- 
ministration of 0.03 per cent of the drug 
achieved maximum prophylactic benefit. 

3) The administration of from 0.005 to 
0.03 per cent NFZ in the mash, beginning 
at the time of infection, significantly re- 
duced death losses and favorably modified 
the clinical nature of the disease. The ad- 
ministration of the drug as 0.04 or 0.05 
per cent of the mash proved to be markedly 
toxic to the birds. Mortality from FE. neca- 
trix infection was averted in chicks receiv- 
ing 0.02 per cent, or more, NFZ in the mash. 

4) The administration of 0.02 per cent 
NIT in the mash beginning at the time of 
infection has little influence upon the course 
of the infection. The administration of 
0.05, 0.04, or 0.05 per cent of the drug in 
the mash reduced death losses and favor- 
ably modified the clinical nature of the 
disease. Complete suppression of mortality, 
however, was achieved only upon the ad- 
ministration of 0.05 per cent drug in the 
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Response of the Ferret and Rabbit to the Modified 
Hamster-Adapted Newcastle Disease Virus 


REGINALD L. REAGAN, H. ODETTE WERNER, B.S., DOROTHY M. SCHENCK, B.S., 
and A. L. BRUECKNER, B.S., V.M.D. 


College Park, Maryland 


N&WCASTLE DISEASE (avian pneumoencepha- 
litis) virus (NDV), California strain 11914, 
has been adapted to the Syrian hamster by 
intracerebral injection and carried through 
400 consecutive intracerebral hamster pas- 
sages.' Attempts to establish hamster- 
adapted NDV infection in ferrets, using the 
virus after 300 intracerebral hamster pas- 
sages, has been successful through three pas- 
sages by intracerebral inoculation. Infection 


Material 
teed Anima! 


Ferret 
Ferret 


of 

hameter-adapted 
Ferret 
Ferret 


Rabbit 
Rabbit 
Rabbit 
Kabbit 
Rabbit 
Rabbit 


adapted 


in rabbits using the same strain of hamster- 
adapted virus has been successful through 
five intracerebral passages. Earlier at- 
tempts to adapt NDV to rabbits were made 
using the virus after 16 hamster passages 
but were unsuccessful,“ 
Concentrated virus 
passages was prepared from 16 infected 
brains from moribund hamsters. These 
virus-infected hamster brains were removed 
aseptically, ground with alundum in a mor- 
tar, and diluted with physiologic saline to 
a 10 per cent suspension. This suspension 
was then centrifuged for three minutes at 


after 300 hamster 
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2,000 r. p. m. in an angle centrifuge to rid 
the suspension of any heavy tissue particles. 
The supernatant containing the active virus 
particles was used to initiate the first suc- 
cessful ferret rabbit intracerebral 
passage. 

The supernatant virus brain 
was injected intracerebrally into the fol- 
lowing normal animals: 3 ferrets (weight 
1,000 Gm.), 4 rabbits (weight 500 Gm.), 


and 


material 


Days after in 
jection 
symptoms 
appeared 


N showing 


inoculum ymptomea 


1.00 
1.00 «ex 
1.00 
1.00 
1.00 
1.90 ce 
1.00 
1.00 
1.00 


100% 


and 4, 21l-day-old Syrian hamsters. The 
amount of inoculum used was 1.0 ce. for 
the ferrets and rabbits and 0.06 ec. for the 
hamsters. 

After twenty-four hours, all the animals 
appeared normal with no evidence of either 
respiratory or central nervous system in- 
volvement. Within forty-eight hours, all 
the animals showed extreme irritability and 
excessive salivation from pharyngeal paral- 
ysis. During the three to four hours fol- 
lowing the first appearance of symptoms, 
general paralysis and prostration developed. 
The hamsters were sacrificed and discarded 
because they were used only for testing the 
infectivity of the virus. The ferrets and 
rabbits were brains removed 
aseptically, ground with alundum, and made 
up to a 10 per cent suspension with physio- 
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’ 200 we. of 1 4 2,2,2,3 
hameter- 4 2 3 2,3,3 
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logic saline. After centrifuging the mate- 
rial for three minutes at 2,000 r. p.m,, 1.0 
ce. of the supernatant from the ferret and 
rabbit brain emulsion was passed intra- 
cerebrally to 3 ferrets and 4 rabbits, re- 
spectively as shown in table 1. Each 


NEWCASTLE DISEASE VIRUS 


SUMMARY 


Ferrets, rabbits, and hamsters injected 
with the three-hundredth passage of ham- 
ster-adapted NDV showed similar symp- 
toms, such as involuntary motor reactions, 


TABLE 2 


Material 
used 


No 
injected 


Animal 


Hamater 
Hams~ater 
Hameater 
Hamster 


Ferret brain 
material 


Hamster 
Hamster 
Hamster 
Hamster 
Hamster 
Hamster 


Rabbit brain 
material 


passage suspension was injected intracere- 
brally into 2l-day-old hamsters for virus 
infectivity tests, as shown in table 2. 


DISCUSSION 


Ferrets were refractive to NDV after the 
third passage. Rabbits did not respond 
after the fifth intracerebral passage. Ham- 
sters injected intracerebrally with brain 
suspension from the first three ferret pas- 
sages and the first five rabbit passages de- 
veloped typical Newcastle disease symp- 
toms. However, from the fact that hamsters 
inoculated with brain material from the 
fourth ferret passage and sixth rabbit pas- 
sage remained normal, it appears that the 
virus did not become adzepted to these types 
of mammals. Several other attempts were 
tried but were unsuccessful. 


No. of 
passage 


Taye after in 
Jection 
symptome 
appeared 


Amount 

of 10% No. showing 
uvlum symptoms 
6.06 ce 2,2,2,2 
0.06 ox 2,2, 
0.06 ox 2,2 


0.06 oc 


0 06 ox 
6.06 
0.06 
0.06 cc 
0.06 
6.06 ce 


excessive salivation from pharyngeal paral- 
ysis, general paralysis, prostration, and 
death. Attempts to adapt this modified 
hamster virus to the ferret or to the rabbit 
by intracerebral injection were unsuccess- 
ful. This may have been due to the dilution 
of the original virus in successive passages, 
or to the resistive action of the host, or a 
combination of these factors. 
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Studies on Oxyspirura Mansoni, the Tropical Eyeworm 
of Poultry 
Ill. Preliminary Observations on Eyeworm Pathogenicity 


CALVIN W. SCHWABE, M.S. 


Honolulu, Hawaii 


ALTHOUGH IT IS generally regarded as an 
economically important parasite in Hawaii, 
and in most other warm areas of the earth, 
Manson's eyeworm has provoked few in- 
vestigations which have concerned them- 
selves with its pathogenicity to domestic 
fowl. 

The life history of this parasite, which in- 
habits the nasolacrimal ducts, conjunctival 
sacs, and space beneath the nictitating mem- 
branes of both domestic and wild birds, has 
been studied by Fielding,’ Kobayashi,’ San- 
ders,” and Schwabe. A burrowing cockroach, 
Pycnoacelua surinamensia, is required as its 
intermediate host, and the list of natural and 
experimental definitive hosts includes various 
species of domestic and wild birds and mam- 

Previous reports on the pathogenicity of 
the eyeworm in poultry are somewhat con- 
tradictory. Ransom® reported little evidence 
of the infection in most cases, and little or 
no apparent discomfort to the infected 
fowl. Observations of several other work- 
ers are substantially in agreement,?’ but 
rather severe pathologic manifestations of 
the eyeworm infection have been reported 
by others. Emmerez and Megnin’ described 
the appearance of a cheesy exudate in the 
eyes, corneal opacity, nasal discharge, and 
eventual destruction of the eyeball, Ob- 
servations of a similar nature were 
occasionally made by Ransom and Sanders. 


also 


MANSON’S EYEWORM IN HAWAII 


Oxyspirura mansoni was first reported in 
Hawali in 1913," and the host roach has been 
known in the islands since 1822.” Today, the 
eyeworm is found widely distributed among 
the domestic fowl on all the major islands in 
the territory, and few, if any, poultry farms 
are free of the parasite. 

A number of wild birds (mostly sparrows, 
doves, and mynahs) are commonly infected, 
and, although they may be a factor in the 
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initial introduction of the parasite from in- 
fected to clean flocks, they have been shown to 
be unimportant in infection of Surinam 
roaches in areas where infected poultry are 
not kept. It must be assumed from this that 


Fig. 1\—Chicken H16795 experimentally infected with 

Manson's eyeworm showing distention of the eye and 

nictitating membrane. Note the mass of worms protrud- 

ing at the edge of the nictitating membrane. This 

picture was taken five weeks after the initial infection. 

The eyes of this bird yielded 172 adult eyeworms at 
necropsy. 


the transfer of infected fowl is the chief factor 
in the dissemination of the parasite. 

Most infected birds on local farms show lit- 
tle superficial evidence of the infection. In 
older birds, which are harboring many para- 
sites, there is a noticeable distention of the 
nictitating membranes and eyelids, and the 
worms may be observed readily in such birds 
by pressing on the inner corner of the eye, 
thereby forcing the parasites out over the eye- 
ball. More advanced symptoms may be seen 
in some chickens; and, on most farms, several 
birds exhibiting severe infections of the eyes, 
such as those described by Emmerez and Meg- 
nin, may usually be found. This is most com- 
mon with older birds and some farmers have 
reported that many of their high-producing 
hens must be marketed at a loss because blind- 
ness or infections disrupt their 
laying. 

Through the coéperation of the Poultry Hus- 
bandry Department of the University of 
Hawaii Agricultural Experiment Station, the 


severe eye 
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Zoélogy and Entomology Department of the 
University, and loca! poultrymen recent stud- 
ies have been made on the life history’ and 
control of Manson's eyeworm in Hawaii. 
Such preliminary observations as have been 
made on the pathogenicity of the parasite and 
its pathology in experimentally infected chick- 
ens are recorded below.* 


EXPERIMENTAL STUDIES 


Work on the following problems has been 
undertaken: (1) determination of the per- 
centage of ingested larvae which are capable 
of satisfactorily establishing themselves in 
the eyes of fowl, (2) observations on the 
response of susceptible host fowl to experi- 
mental infection with the parasite, (3) 


record of the symptoms exhibited by ex- 
perimentally infected chickens, and (4) the 
pathology of the infection. 


Establishment of Introduced Larvae.- 
When infected cockroaches are fed to chick- 
ens, worms are often noted in the eyes as 
soon as five minutes after feeding. The in- 
fective larvae respond immediately to the 
body warmth of the new host, and migrate 
from the tissues of the roach. (This may 
be demonstrated readily by placing infected 
roaches in water or saline solution heated 
to approximately 37 C.) The larvae crawl 
up the esophagus into the mouth, where 
they enter the palatine cleft, thereby gain- 
ing access to the eyes. Fielding’? has shown 
that ingested roaches pass no farther than 
the crop in birds on adequate rations (with 
crops containing food), before all infective 
larvae are able to leave the orthopteran 
host. He concluded that most ingested 
larvae reach the eyes of the birds under such 
conditions. 


In contrast, Sanders reports the fate of 
ingested larvae in previously starved birds 
(empty crops) to be as follows: dead larvae 
in the gizzard, 47.3 per cent; crop (alive), 
16.5 per cent; esophagus (alive), 3.3 per 
cent; proventriculus (alive), 3.3 per cent; 
trachea (alive), 1.1 per cent; and in the 
eyes (alive), 28.6 per cent. Since these ob- 
servations were made only forty minutes 
after feeding 4 roaches to the chicken, we 
may assume that the larvae in the crop, 
proventriculus, and esophagus (total of 

*Grateful acknowledgement is made to Dr. M. M 
Rosenberg poultry husbandman, for the 
experimental animals, and to Mr. Harry Miyata 


local poultry farmer, for his coéperation in this 
project 


assistant 
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52.6% of the ingested larvae) would have 
eventually reached the eyes of the bird. 

From this evidence, it appears that, un- 
der most conditions, between 50 and 100 
per cent of ingested larvae are capable of 
reaching the eyes of the host. It remained 
to be shown what percentage of the worms 
which gain access to the eyes are capable 
of establishing themselves there and devel- 
oping normally. 

Ten infective larvae were introduced into 
the right eye of chicken H16800, 22 in 
chicken 282, and 25 in chicken H16766.** 
This was accomplished by the careful use 
of a fine pipette. After eighteen days, 
chicken 282 was killed and 9 worms were 
recovered from the right eye and 3 from 
the left. After one month, H16800 and 
H16766 were also killed and the right eyes 
vielded 8 and 17 worms, respectively. No 
worms were found in the left eyes of either 
bird or in 3 control chicks. All worms re- 
covered had developed normally. The per- 
centage of ingested larvae capable of satis- 
factorily establishing themselves in the eyes 
of avian hosts is indicated in table 1. Death 
of larvae from possible injuries sustained 
while handling may largely be discounted; 
the extreme hardiness of the eyeworm lar- 
vae has been demonstrated to my satisfac- 
tion many times. 

Approximately, 200 worms is the maxi- 
mum number recovered from the eyes of 
any experimentally infected fowl during 
these studies (with a slightly lower number 
from naturally infected birds), regardless 
of the age of the bird or the numbers of 
larvae ingested during its period of infec- 
tion (see later experiments). This would 
indicate that the percentage of larvae 
capable of establishing themselves in heavily 
infected fowl is much lower than in un- 
infected or mildly infected birds. Appar- 
ently, the physical dimensions of the eye, 
no matter how distended it may be, are the 
ultimate factor limiting the degree of in- 
fection. 

Response of Fowl to Introduction of the 
Parasite.——In various of these studies, 
chickens were infected experimentally with 
the eyeworm by feeding infected roaches or 
by introducing infective larvae into the 


**Four-week-old chicks. These and all other ex 
perimental birds were hybrid stock (Rhode Island 
Red and New Hampshire Red), obtained when 
weeks old, from the University of Hawall Agri- 
cultural Experiment Station Farm 
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mouth of the bird by pipette. The reactions 
of 35 chickens, previously free from eye- 
worms, to an initial infection were care- 
fully recorded and are summarized below. 
After leaving the tissues of the host 
roach, the infective larvae begin their up- 
ward migration toward the eyes. As they 
reach the upper esophagus and pharynx, 
the chicken gasps and coughs, its mouth 
gapes open, and it has the appearance of 
being choked. It sneezes and shakes its 
head vigorously as the larvae enter the 
palatine cleft and nasolacrimal ducts from 
the roof of the mouth. Once the larvae have 
reached the eyes, the bird opens and closes 
them often, rapidly winks its nictitating 
membranes, and lacrimates freely. In at- 
tempting to dislodge the foreign bodies in 
its the chicken will often shake its 
head, scratch its eyes with its claws, or rub 
them on its wings. When these activities 
prove fruitless, the bird usually closes its 
eyes and lies down in apparent discomfort 
for a period of ten minutes or more. After 
this, the chicken resumes its normal 


eyes, 


ac- 


Fig. 2—Chichen H16786 experimentally infected with 
the eyeworm. The photograph was taken nine weeks 
after the initial infection. The eyes of this bird yielded 
187 adult eyeworms at necropsy thirteen weeks later. 


tivities, stopping only occasionally — to 
scratch the eyes or rub them on its wings. 

Similar, but usually somewhat milder, re- 
actions accompany the subsequent introduc- 
tion of infective larvae. 

Symptoms of Experimental Eyeworm In- 
A group of chickens 4 weeks old 
received approximately LOO infective larvae 
per bird orally. Additional larvae (25 to 
100) were administered at weekly intervals 
until necropsy. Birds at random 


fection 


selected 
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were examined regularly and the symptoms 
recorded. Chickens were killed at one week, 
five weeks, eight weeks, and twenty-two 
weeks after the initial infection, the worms 
were removed from their eyes and counted, 
and the nictitating membranes and eyelids 


TABLE !—The Percentage of ingested infective Larvae 
Capable of Establishing an Infection in Chickens 
Previously Free from Eyeworms 


establishment 


of ingested 


larvae*, 


Percentage 
Percentage 


Total 
obser. f Fielding,* Sanders,* and 


HMased on ations 


Schwabe 


were submitted to histopathologic examina- 
tion.t+ Only the results of these observa- 
tions are recorded here. 

After one week, there was a noticeable 
distention of the inner corners of the eyes 
and of the nictitating membranes. The 
skin surrounding the eyes exhibited mild 
inflammation. Sixty-three, fourth stage 
larvae were recovered from the eyes of 
chicken 290, which was killed at this time. 

Similar symptoms were evident after five 
we-ks, with a slight necrosis of the eye- 
rings and greater distention of the eyes. 
At necropsy, 172 adult eyeworms were re- 
covered from chicken H16795 (see fig. 1). 

After eight weeks, the eves of most birds 
were quite inflamed, with scattered pete- 
chiae in the conjunctiva. There was a 
noticeable puffiness of the surrounding skin, 
and necrosis of the eyerings. Dullness or 
cloudiness of the cornea was noted in sev- 
eral birds. At necropsy, 112 eveworms were 
recovered from chicken H16776. 

Similar symptoms were noted thereafter 
and, although new larvae were introduced 
weekly, the symptoms became no more se- 
vere. Chicken H16786 killed after 
twenty-two weeks and 187 worms were re- 
covered from its eves (see fig. 2). 

Pathologu of an Experimental Eyeworm 
Infection..-No change noted in the 
nictitating membranes and eyelids of birds 


was 


was 
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killed one week after the original infection. 
After five weeks, there was epithelial thick- 
ening of the inner surface of the nictitating 
membranes, and slight tissue response. At 
twenty-two weeks, there was a marked 
thickening of the epithelial layer on the 
inner surface of the nictitating membranes 
and eyelids, an increase in the numbers of 
goblet cells in the epithelium of the eyelids, 
and numerous foci of leucocytic infiltration 
at the surface and in the deeper tissues. At 
these inflammatory foci, many round cells 
of an unidentified type and numerous 
eosinophils were seen. Also prominent was 
the increased vascularization of the tissues. 
The Harder’s gland exhibited a prolifera- 
tion of lymphoid nodules, and marked 
eosinophilic infiltration of all tissues was 
evident. 


DISCUSSION 


In no instance did an experimental ani- 
mal, utilized thus far in these studies, show 
such severe symptoms as have been attrib- 
uted to the eyeworm infection by some pre- 
vious investigators, and as have been noted 
in farm flocks on Oahu. A number of these 
birds were subjected to large and continu- 
ous doses of infective larvae from the time 
they were chicks in the brooder until they 
were 7 months old. They made excellent 
weight gains, and those pullets kept to ma- 
turity have maintained enviable laying rec- 
ords. Although some of the birds received 
more than 1,000 larvae, in no case were 
more than 200 adult worms recovered from 
both eyes at necropsy. Even though the 
eyes and nictitating membranes are con- 
siderably distended in heavy eyeworm in- 
fections, this is apparently the approximate 
maximum number of worms that can be 
accommodated beneath the membranes and 
in the conjunctival sacs. 

It may be significant that in these chick- 
ens, which were housed sanitarily and: were 
well cared for in all respects, deliberate 
efforts to induce severe infections produced 
no advanced pathology or marked injury to 
the birds. It is felt that the evidence pre- 
sented here shows a clear picture of eye- 
worm pathogenicity uncomplicated by other 
superimposed diseases. Such ideal circum- 
stances are seldom found, however, under 
actual farming conditions in Hawaii, and 
this fact must be considered before the im- 
portance of this parasite is underestimated. 
Since birds are particularly susceptible 
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to diseases which involve the orbital and 
nasal regions, any factor, such as the eye- 
worm, which is capable of producing con- 
tinuous irritation to these sensitive tissues, 
with the consequent inflammatory responses 
of the eyeworm infection, probably plays a 
role in predisposition of these tissues to 
more severe infections, The advanced ocu- 
lar pathology and blindness so often noted 
in heavily infected flocks are possibly ini- 
tiated by secondary viral or bacterial in- 
vaders. Many of these infections may be 
further complicated by the death and de- 
composition of the worms in the eyes. 


SUMMARY 


This paper presents the results of several 
preliminary experiments on eyeworm patho- 
genicity, designed to show the percentage 
survival of ingested infective larvae, the 
reactions of previously uninfected birds to 
an initial introduction of infective larvae, 
the symptoms exhibited by chickens in un- 
complicated eyeworm infections, and the 
pathology evident in an uncomplicated in- 
fection of this type. Experimentally in- 
duced infections resulted in temporary dis- 
comfort and some histopathologic changes; 
however, advanced ocular pathology and 
blindness were not produced, probably be- 
cause of the absence of secondary infections 
in the experimental birds. 

The approximate maximum number of 
worms that can be accommodated in the 
eyes of a single bird appears to be 200, 
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The Absorption, Distribution, and Excretion of 
Sulfaquinoxaline in Poultry 


FRANK S. SCHLENKER, Ph.D., and BARBARA K. SIMMONS, B.S. 


Kingston, Rhode 


SULFAQUINOXALINE was first used by Dela- 
plane’ to prevent upper respiratory infec- 
tion in poultry. Later, Delaplane et al.* 
used this drug to control coccidial infec- 
tions in the chicken. Other publications by 
Grumbles ef al.6*° showed that sulfaquin- 
oxaline could be used against Eimeria ten- 
ella and Eimeria necatrix by either an in- 
termittent or continuous feeding schedule. 
For intermittent feeding, a drug-feed mix- 
ture containing 0.05 per cent sulfaquinoxa- 
line was employed, whereas, for a continuous 
program, the concentration was decreased 
to 0.033 per cent and later to 0.0125 per 
cent.° 

A variety of other sulfonamides was used 
by Waletzky and Hughes® in an attempt to 
evaluate their activity against coccidiosis 
(E. tenella). Using sulfaguanidine as a 
standard, its activity was exceeded only by 
halogenated sulfapyrimidines, sulfametha- 
zine, and sulfapyrazine. Blood levels of 
these drugs varied from 8 to 24 mg. per 100 
ml. on diets containing 0.05 to 1.0 per cent 
of drug, with no deaths. Five birds were 
employed per test. Kiser et al.,’ treating 
7-week-old chickens with sulfadiazine, sul- 
famerazine, sulfathiazole, and other drugs 
fed as 0.2 per cent of the diet, found maxi- 
mum blood concentrations between 3.0 and 
14.8 mg. per 100 ml. of blood. With pro- 
longed feeding, blood concentrations tended 
to decrease gradually because of lowered 
feed consumption. When the drug-feed mix- 
tures were removed, disappearance from 
the blood was fairly rapid. After seven and 
one-half hours, only sulfamethazine and 
sulfanilamide were present, but below 1.0 
mg. per 100 ml. of blood. 
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EXPERIMENTAL PROCEDURE 

In order to compare the physiologic activity 
of sulfaquinoxaline with that of other sul- 
fonamides used to control coccidiosis, and to 
understand more fully the activity of the for- 
mer drug, the following experiments were per- 
formed. 

Sulfaquinoxaline was added to New Eng- 
land college conference ration (1947), at the 
rate of 0.1, 0.05, and 0.0125 per cent, and 
blended in a whirlwind-type mixer. In some 
cases, the mixtures were fed ad libitum to 
groups of 5 birds. In other experiments, the 
drug was given orally, in capsules, at the rate 
of 0.2 gr. per kilogram of body weight. Each 
bird was kept in an individual cage with free 
access to feed and water, which simplified the 
collection of fecal samples. 

Blood samples were obtained daily, starting 
at 2:00 p.m., from the wing veins, with hep- 
arin as the anticoagulant. Each sample was 
analyzed separately to determine individual 
variation, but values were expressed as av- 
erages of whole blood. 

The Bratton and Marshall* method was used 
to determine sulfaquinoxaline in trichloracetic 
acid filtrates (1:20 dilution). The colored drug 
derivative was measured in a Cenco photo- 
lometer with a green filter (Ceneco No, 2) 
against distilled water. Because sulfaquinox- 
aline 1s only partially recovered from whole 
blood and plasma filtrates (1:26), it was nec- 
essary to take certain analytic precautions. 
The standard curve for blood was prepared by 
adding varying amounts of sulfaquinoxaline 
to sn appropriate quantity of water and 1 ml. 
of whole drug-free blood, so that a dilution 
of 1:20 resulted when 3 ml. of 15 per cent 
trichloracetic acid were added. Numerous 
trials indicated reproducibility of results; 
errors due to drug loss were corrected by using 
this type of curve. 

For the egg analyses, two standard curves 
were made by adding sulfaquinoxaline to 1 
ml. of albumin and yolk in the manner de- 
scribed above for whole blood. 

Fecal drug concentrations were determined 
by extracting 100 mg. of oven-dried material 
in a 200-ml. volumetric flask with 150 ml. of 
0.01 normal sodium hydroxide for ten minutes, 
shaking the flask intermittently. After 2 ml. 
of 15 per cent trichloracetic acid were added 
(usually little or no precipitate appeared), the 
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extract was diluted to volume. Subsequent 
dilutions to adjust concentrations to conform 
with the concentration range of the standard 
curve (drug in water) were made when neces- 
sary. 

The sulfaquinoxaline used in all phases of 
this study was obtained from Merck and Co., 
Inc., and represented the commercial product. 


RESULTS 


Correlation of Sulfaquinoraline Concen- 
trations in Feed, Blood, and Egg.—Figure 
1 shows the whole blood levels of Rhode 
Island Reds from ad libitum feeding of 
different percentayes of drug in the feed. 
Apparently, a concentration range is estab- 
lished which may vary widely even though 
the amount of available drug is constant. 
In these experiments, the variations can be 
correlated with weather. Concentrations 
were high on sunny days, but on October 
27, following five days of an overcast sky 
and a lowered temperature, low concentra- 
tions were observed. 

After nonmedicated feed was substituted, 
blood concentration decreased during a pe- 
riod of three days, rather than the few 
hours which is characteristic for other sul- 
fonamides. Prolonged blood retention of 
sulfaquinoxaline has been observed by 
others. The prevention of outbreaks of 
coccidiosis is one of the outstanding proper- 
ties of sulfaquinoxaline when fed continu- 
ously at the low concentration of 0.0125 
per cent in the feed. The resulting maxi- 
mum quantity in the blood at this concen- 
tration was 0.75 mg. per 100 ml. of blood, 

In addition to the above experiments, 
three concentrations in the order of 0.05, 
0.0125, and 0.1 per cent were given to a 
single pen of 5 birds for two, four, and two 
days, respectively. Blood samples, taken on 
the last day of each period, contained 3.4, 
0.8, and 7.1 mg. per 100 ml. of blood. These 
average values agree well with those in 
figure 1, where a single concentration was 
used for each group of birds. 

Although albumin and yolk samples were 
analyzed separately, only values for total 
egy are given in figure 1. The concentra- 
tion in eggs rose gradually and reached a 
maximum one day later than in blood, Evi- 
dently the quantity of drug diffusing into 
the egg is regulated by blood concentrations 
prior to eggshe! formation. Thus, the 
timing of the egg-laying mechanism is such 
that the quantity of sulfaquinoxaline found 
in an egg is a reflection of the amount of 
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drug present in the blood during the pre- 
vious twenty-four hours. As blood sulfa- 
quinoxaline decreases, a similar but delayed 
decrease occurs in the egg. It might be ex- 
pected, from the maximum blood and feed 
concentration relationship (fig. 1), that the 
last traces of drug in the egg would dis- 
appear one day later than in blood. 

Sulfaquinoxaline at the 0.0125 per cent 
feed level was distributed approximately 
evenly, on a percentage basis, between al- 
bumin and yolk; however, at the two higher 
levels there was somewhat more drug in 
the albumin. 

Sulfaquinoraline Blood Levels Estab- 
lished by a Single Drug Dose.—Three sets 
of 3 birds each, Plymouth Rock cockerels, 
Plymouth Rock pullets, and Rhode Island 
Red pullets, were given sulfaquinoxaline 
orally. The Rhode Island Reds were sub- 
jected to this procedure twice. The result- 
ing 12 curves have been combined in figure 
2. In addition, the highest and lowest 
values at a given time are included to in- 
dicate variation among individual speci- 
mens. Actually, this variation is greater 
than a number of single maximum and min- 
imum points would indicate. For example, 
in the 12 curves, maximum blood concen- 
trations were reached by 6 birds in twenty- 
four hours, 1 in twelve hours, and 5 in two 
to six hours. In 2 cases, only slight traces 
of drug were found in the blood two hours 
after administration. Inasmuch as absorp- 
tion takes place primarily in the intestines, 
these results suggested that the rate of 
drug transport to the site of absorption 
was variable. As the variability possibly 
could be influenced by the amount of feed 
in the preintestinal portion of the digestive 
tract, this premise was examined. A series 
of birds, with and without feed in the crop, 
were given capsules containing sulfaquin- 
oxuline. They were sacrificed at various 
intervals. When the crop was empty, five 
minutes sufficed for the capsule to be dis- 
solved enough so that its contents were 
spilled out, wholly or partly. However, it 
was not until after fifteen minutes that the 
capsule had completely disintegrated and a 
positive chemical test was obtained in the 
proventriculus. A full crop apparently tends 
to retard drug movement for, even after 
twenty-five minutes, a positive chemical test 
was obtained only in and just outside this 
organ. Therefore, it seems that one reason 
blood levels vary, even though the dosage is 
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the same, is the rate of drug movement 
within the intestinal tract. 

A comparison of sulfathiazole and sulfa- 
quinoxaline (fig. 2) indicates that the 
initial blood concentrations from a single 
dose are similar but, whereas the former 
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Fig. 1—Correlation of sulfaquinoxaline concentration 

in feed with that in blood and egg. Rate of loss from 

blood and egg after removal of medicated feed. On 
feed October 18; off feed October 28 


drug reaches a maximum between two to 
four hours and then rapidly decreases, sul- 
faquinoxaline tends to build up rapidly, 
then to increase slowly for as long as twen- 
ty-four hours. Even after 112 hours, traces 
of sulfaquinoxaline could be detected. 

Excretion of Sulfaquinoraline in Feces. 
The greater part of the drug, when given 
was eliminated between 
(ave. 3.8 hr.) later as 
determined by fecal analysis (table 1). 
These values include kidney excretions 
which would be a relatively small part of 
the total. A comparison of blood and fecal 
concentrations (fig, 2 and table 1) at equal 
hours after oral administration shows that, 
twelve hours before the average maximum 
blood level (8 mg./100 ml. of blood), the 
quantity of drug in the alimentary tract is 
relatively low. 

Acetylation of Sulfaquinoraline.—Only a 
small amount of the ingested drug was 
acetylated by the experimental birds. The 
rat and monkey show a similar tendency, for 
they acetylate only a small amount of sul- 
faquinoxaline, the dog none, while as much 
as 50 per cent of the acetylated form may 
be present in the rabbit." 

In egg, both albumin and yolk contain the 
conjugated derivative. The ratio of free to 
combined drug in the whole egg, analyzed 


as a single dose, 
three and six hours 
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in this study, was directly related to the 
concentration of sulfaquinoxaline in the 
feed. On diets containing 0.1 per cent and 
0.05 per cent drug, the free form (1.0 mg. 
100 ml. of blood) was roughly five times 
greater than the combined. When the feed 
contained 0.0125 per cent drug, the quan- 
tities of each were practically equal (0.2 
mg. per 100 ml. of blood). 


DISCUSSION 


Although sulfonamides such as halogen- 
ated  sulfapyrimidines, sulfamethazine, 
and sulfaguanidine* are able to control EF, 
tenella infections, sulfaquinoxaline also has 
an in vivo activity'® suitable for preven- 
tive use under farm conditions, and at a 
blood concentration as low as 0.8 mg. per 
100 ml. of blood. For most drugs, blood 
levels established by effective feed concen- 
trations are between 6 and 24 mg. per 100 
ml. of blood, 

Part of the effectiveness of sulfaquinoxa- 
line, in addition to its intrinsic activity, is 
due to its retention in the blood over a com- 
paratively long period (fig. 1, 2). This is 
apparently a general property, for the rat 
and dog also retain the drug in the blood 
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Fig. 2—Concentrations of sulfaquinoxeline and sulfe- 

thiazole in whole blood sampled at intervals following 

a single oral dose of 0.2 gr. per kilogram of body 
weight. 


for as long as 104 hours.* At one time, it 
was thought that prolonged blood levels 
could be correlated with protein binding. 
Such an explanation would fit sulfaquinoxa- 
line for, in the rat, it is bound 90 per cent 
by plasma proteins.'” Bankowski and John- 
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son™ found that, in chicken plasma, the 
ratio of bound sulfaquinoxaline to free 
drug, expressed in per cent per gram of 
plasma protein, was high (110%), exceed- 
ing the ratio of sulfaguanidine, sulfametha- 
zine, and sulfathiazole by 30, 8, and 3, re- 


TABLE |—Sulfequinoxaline Concentration in Feces at 
Various Times After Oral Administration to 3 Plymouth 
Rock and 3 Rhode Island Red Pullets 


Per cent of drug in feces, dried at 105 C. overnight’ 


Bird 


(No. Hours 


61 
03 6.09 
6.4 0.05 
0.4 

0.2 

0.1 
602 0.06 


wre 
ore 


> 


‘Average motsture, 77.84% (45 determinations; 
low, 65.34%; high, $4.94). Variability in moisture 
content made it desirable to express data on oven- 


dry basis 


spectively. However, in some animals, 
binding by plasma proteins does not by 
itself give prolonged blood levels.'°'? In 
fact, Silber and Clark suggest that, in the 
rat, the most important factor is delayed 
emptying time of the gastrointestinal tract. 
The data (table 1) cannot be used directly 
to evaluate this possibility in terms of blood 
levels in the chicken. However, a certain 
comparison can be made, in that fecal analy- 
sis after twenty-four hours indicates the 
presence of only a small percentage of drug 
in the gastrointestinal tract as compared 
to the amount present during the first six 
hours after administration. Further proxi- 
mate analysis of the data gave minimal 
amounts of drug and showed that at the 
end of twenty-four hours, at least 80 to 90 
per cent of the 0.2 Gm. administered was 
recovered. When gastrointestinal retention 
is slight, and binding by plasma protein is 
inadequate, other processes leading to high 
blood levels must be operative. The lack of 
complete recovery of sulfaquinoxaline from 
whole blood filtrates was found to be prin- 
cipally a function of hemoglobin (unpub- 
lished data), the plasma proteins effecting 
only a slight loss. The possibility arises that 
hemoglobin may have sufficient binding 
capacity to account for prolonged blood 
concentrations in the chicken. 

The quantity of any active sulfonamide 
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in blood (table 2) will depend on a number 
of factors: the amount supplied, equilibrium 
between rate of intake and elimination, and 
the metabolic fate of the particular drug, 
such as oxidation and acetylation. From 
the point of view of concentration alone, it 
is difficult to evaluate laboratory data in 
terms of field conditions, because the se- 
verity of challenge by the invading organ- 
isms is quantitatively different. In the first 
instance, the inoculation is usually of a se- 
vere nature whereas, under a natural en- 
vironment, it may be characterized by the 
gradual accumulation of small numbers. 
Moreover, the comparative intrinsic poten- 
cy of the different drugs must be consid- 
ered. An illustration of both these points 


TABLE 2—-Sulfonamide Blood Levels in Equilibrium 
with Feed Concentrations in Chickens; Comparison of 
Sulfaquinozaline, Sulfaguanidine, and Sulfathiezole 


Drug 
in feed 
(%) 


Mg. of drug per 100 ml. of whole 
blood 


6.0125 

0.05 

0.2 ee 3.4 
o4 6.0 
6.5 ee 7.3 
0.6 oe 8.7 
0.7 10.0 
2.0 143.5) 27.5 

‘Values calculated from the straight line equa- 
tions 


These equations were derived from experimental 
data in order that approximate comparisons could 
be made between feeding and blood levels in those 
cases Where overlapping of blood concentration did 
not occur Theoretically, at a drug level of 2.0% 

the feed, blood concentrations would be, SQ, 
143.5 mg. per 100 mil. of blood, and ST, 7.9 mg. per 
100 ml. of blood, where SG is actually 27.5 mg. per 
106 mil. of blood 
"Table 
4." 


is shown in laboratory tests of sulfaquin- 
oxaline against EF. tenella, where a feed con- 
centration of 0.05 per cent is required for 
control. However, under field conditions, 
0.0125 per cent keeps mortality between 1 
and 2 per cent and the average blood level 
is below 1.0 mg. per 100 ml. of blood. This 
concentration is much less than that usually 
advocated for other sulfonamides. Certain- 
ly, it is not possible arbitrarily to assume 
a range of blood concentration which must 
be maintained in order to minimize disease. 
Rather, an effective blood level should be 
related to the degree of challenge and to the 
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Jury, 1950 


activity of the particular sulfonamide 
against a specific organism. 


SUMMARY 


1) Sulfaquinoxaline accumulates more 
rapidly in chicken blood than do the more 
commonly used sulfonamides. 

2) Sulfaquinoxaline diffuses into the egg 
in proportion to the blood concentration. 

3) Acetylation is not extensive in the 
chicken. 

4) After the sulfaquinoxaline supply is 
removed, the concentration in blood de- 
creases slowly, and small traces of drug can 
be detected after 112 hours. 

5) It is suggested that prolonged blood 
concentrations may be due to binding with 
hemoglobin and that in general the quan- 
tity of drug which must be maintained in 
the blood to control disease should be re- 
lated to the degree of challenge and to the 
activity of the particular sulfonamide 
against a specific organism. Thus, a single 
blood concentration designated to control 
disease, and applied to all sulfonamides, is 
meaningless. 
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Studies on the Hematology of the Thoroughbred Horse 
I. Mares in Foal 


M. F. HANSEN, Ph.D., A. C. TODD, Ph.D., G. W. KELLEY, B.S., 
and F. E. HULL, D.V.M. 


Lexington, Kentucky 


MACLEOD AND PONDER' reported studies on 
the blood picture of the Thoroughbred 
horse. They found the Thoroughbred has 
more red and white blood cells per cubic 
millimeter of blood and a larger amount of 
hemoglobin per milliliter of blood than 
does the saddle, trotter, or draft horse. 
MacLeod et al.* later reported the mean 
values of erythrocytes, leucocytes, hemo- 
globin, and differential counts on 11 Thor- 
oughbred mares in foal on two farms in 
central Kentucky. 

Information on the degree of variation 
about the mean and the range of blood 
values is more useful to the veterinarian 
than mere averages for the various blood 
tests. The present paper extends the pre- 
vious work! by reporting the results from 
a sample of 65 mares in foal from six farms, 
as well as by including data on the packed 
volume of erythrocytes, mean cell volume, 
and mean corpuscular hemoglobin concen- 
tration, together with statistical analyses 
of the results and measures of reliability. 

This work was undertaken because of the 
need, by veterinarians in the Thoroughbred 
practice, for information on the blood values 
for the Thoroughbred. 


METHODS 


All animals represented in this study were 
maintained under normal conditions of care 
and feed, as practiced on Thoroughbred horse 
farms in central Kentucky. In order to obtain 
a representative sample from the population 
(mares in foal), it was necessary to visit six 
different farms where 10 or more healthy 


The investigation reported in this paper is in 
connection with a project of the Kentucky Agricul 
tural Experiment Station and is published by per 
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mares in foal were selected from each farm 
for the test. 

Blood samples were collected under as nearly 
identical conditions as possible with respect 
to time of day, time of feeding, watering, 
length of time in stall before they were bled, 
and the degree of excitement. Five milliliters 
of blood were collected from the jugular vein 
in a bleeding tube containing 1.3 mg. of am- 
monium and 0.7 mg. of potassium oxalate per 
milliliter of blood A drop of the blood remain- 
ing in the bleeding needle was placed on a 
clean glass slide and the differential film was 
made. 

For erythrocyte counts, a blood sample was 
diluted 1 : 200 with Hayem’s solution in a red 
blood cell-diluting pipette. A Spencer Bright- 
Line hemacytometer was used. The counts on 
each horse were done in duplicate and had to 
be within 500,000 cells per cubic millimeter of 
each other. Counts which came within this 
limit were averaged and Counts 
which were outside the stated limit were re- 
peated and the two closest counts were aver- 


! ecorded, 


aged. 

For leucocyte counts, the blood was diluted 
1:20 with 1.0 per cent acetic acid. Dupli- 
cate counts were done which had to be within 
1,000 cells per millimeter before they 
were averaged and recorded. 

Hemoglobin concentrations were measured 
by means of the Fisher electrohemometer. 

Wintrobe’s hematocrit tubes were used for 
the determination of the volume of packed 
erythrocytes; the hematocrits were centrifuged 
for one-half hour at 2,000 r.p.m. By using a 
series of duplicate tubes at the beginning of 
the study, it was determined that the readings 
1.0 per cent. 
were based upon a 


cubie 


were accurate to withir 

The differential counts 
count of 200 cells 

In an effort to hold experimental error to 
a minimum, laboratory work was standardized 
with the same person performing the same 
steps in each test. For example, the same per- 
son made all of the red and white cell counts; 
one read all of the results on hemoglobin and 
packed cell volume 

Statistical 
tain arithmetic 


were made to ob- 

standard deviations, 
and the standard errors of each blood test. 
Medians were obtained as an indication of the 


computations 


averages, 
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skewness present in the sample distributions. 
Curves representing normal probability were 
fitted to each distribution and their “goodness 
of fit” was tested by the use of chi square. 
Measures of skewness and standard errors in- 
volving the use of moments were tried but, be- 
cause the distributions are relatively normal, 
the results of only the more standard methods 
are presented here. 


RESULTS 


Medians, ranges, arithmetic means, stand- 
ard deviations, as well as standard errors 
of the means and standard deviations for 
each of the six tests, are given in table 1. 

A comparison of the arithmetic means 
with their standard errors for the six blood 
tests suggests that, even though the eryth- 
rocyte and leucocyte counts, the packed vol- 
ume of erythrocytes, and mean cell volume 
varied considerably for individual animals, 
as shown by the ranges and standard de- 
viations, the averages appear quite reliable. 
In most cases, the arithmetic means have 
a two to one chance of being correct within 
about 1.0 per cent. In other words, similar 
blood tests on additional groups of mares 
in foal, under the conditions prescribed for 
the tests, probably would show average 
analyses very close to those shown in 
table 1. 

MacLeod ef al.? reported averages very 
similar to those presented in this paper. 
Their mean values were based upon a study 
of 11 mares in foal on two farms in central 
Kentucky. The mean value of 10.52 + 0.102 
million erythrocytes per cubic millimeter 
reported in the present paper is reasonably 
close to the mean of 10.75 million erythro- 
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cytes per cubic millimeter reported by 
MacLeod et al. The mean values of 9.5 
thousand leucocytes per cubic millimeter 
and 14.8 Gm. of hemoglobin per 100.0 ml. 
of blood reported? are within about two 
estimated standard errors of the difference 
between means, when compared with our 
mean values of 10.01 + 0.187 leucocytes per 
cubic millimeter and 14.89 + 0.128 Gm. of 
hemoglobin per 100.0 ml. of blood. The dif- 
ferential leucocyte counts in the two studies 
are very similar, with the exception of the 
mean percentage of eosinophils. MacLeod 
et al. reported a mean per cent of 6.5 
eosinophils, while we found a mean per 
cent of 3.6 + 0.238. 

There appears to be no report in the 
literature on the packed volume of erythro- 
cytes, mean cell volume, and mean corpus- 
cular hemoglobin concentration for Thor- 
oughbred mares in foal. The packed volume 
of erythrocytes ranged from 38.0 to 51.0 
per cent and averaged 45.1 + 0.362 per 
cent. The mean cell volume ranged from 
38.4 to 48.3 cubic microns and averaged 
12.92 + 0.253 cubic microns. The mean cor- 
puscular hemoglobin concentration ranged 
from 30.7 to 55.7 per cent and averaged 
32.96 + 0.115. 

The distribution of measurements from 
these animals has been tested for normality 
and appears not to be more skewed than 
might happen as a result of sampling error, 
although the hemoglobin and packed volume 
of erythrocytes were more _ noticeably 
skewed than the other.* 


*All of the blood values determined in this study 
were fitted to a curve of normal distribution In 


Mean 


Ht Packed Mean cell corpuscular 
' volume of volume hemoglobin 
Erythrocytes Hemoglobin erythrocytes Laucocytes (cublie concentration 
Measure Gm. /106 n (%) 1” /emm microns) (%) 


Range 12.5 16.5 1.0 51.0 6.85 13.5 sa4 44.3 20.7 35.7 
Median 10.54 45.33 6.97 42.93 32.90 
Arithmetic 

mean and s e 10.52 + 0.102 14.89 + 0.128 45.10 + 0.362 16.01 + 0.187 42.92 + 6 253 32.96 + O.115 
Standard 

deviation 

ands ¢ O82 + 0.072 1.04 + 6.092 292 + 6.257 151 + 6.133 204 + 0179 004 + 6.08? 


Measure 


Neutros Lymphos Mono 


Range 20.0 66.0 24 65.0 “5 0 
Arithmetic 
mean and s. ¢ i919 + 1.004 43.79 + 1.126 268 + 0.154 1.65 + 0.238 068 + 0.992 
Standard | 

1.24 1.92 6.75 
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DISCUSSION 


In order for the results reported in the 
present paper to be readily reproducible, it 
is imperative that the procedures and con- 
ditions described be followed implicitly. Any 
change in regard to amount and kind of 
anticoagulant employed, time of day at 
which blood samples are collected, and 
length of time the animal is allowed to rest 
before samples are collected may operate to 
influence the end result. Procedures utilized 
in the laboratory to make the various blood 
tests also have a bearing on the final result. 
We used “U. S. Retested” red and white 
blood cell-diluting pipettes. 

All blood samples used were collected be- 
tween 8:00 and 9:00 a.m. from horses 
which had been stalled for two hours or 
longer. No twitch was used on the horses 
in obtaining any of the blood samples. Care 
was taken not to excite the horse unduly be- 
fore the blood sample was obtained. 


Neser,* working with horses other than 
Thoroughbreds, reported that excitation re- 
sulted in an increase of 1 to 2 million 
erythrocytes per cubic millimeter within a 
few seconds. Using a Thoroughbred wean- 
ling and a 20-year-old barren Thoroughbred 
mare, the authors were able to increase the 
erythrocyte count after one minute of ex- 
citation. The changes recorded from pre- 
excited to excited condition in the weanling 
were as follows: erythrocytes per cubic 
millimeter, 14,500,000 to 16,000,000; packed 
volume of erythrocytes, 45.0 to 52.0 per 
cent; and hemoglobin, 14.0 to 16.0 Gm. per 
100.0 ml. of blood. The changes recorded for 
the Thoroughbred mare were: erythrocytes 
per cubic millimeter, 10,900,000 to 
14,900,000; packed volume of erythrocytes, 
46.5 to 59.5 per cent; and the hemoglobin, 
from 14.8 to 18.9 Gm. per 100.0 ml. of blood. 

Because of the rapid sedimentation rate 
of the erythrocytes in horse blood, every 
effort was made to draw each aliquot of 
and white blood cell counts, a 


the case of red 


curve for Poisson distribution may have been more 
appropriate 
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blood used in the various tests as quickly 
as possible after the parent sample was 
mixed. For example, it was found that if a 
thoroughly mixed blood sample were allowed 
to stand for one minute before a sample 
was withdrawn for the hematocrit tube, the 
packed cell volume would vary as much as 
4.0 per cent from the result obtained when 
a sample was withdrawn immediately after 
mixing. 

Worm parasites occur in all Thorough- 
bred horses in central Kentucky. The kind 
of parasite fauna present in a horse is to 
some degree a function of the age of the 
horse, while the number of any one kind of 
parasite is dependent upon the system of 
control or lack of control employed at the 
various farms.‘ In order to investigate what 
possible influence, if any, these parasites 
would have on the blood picture, mares in 
foal on three of the six farms visited were 
studied. Each of the three farms used dif- 
ferent systems of phenothiazine therapy for 
worm parasite control. 

At one farm using an intermittent sys- 
tem of low level phenothiazine, fecal exam- 
inations made on Jan. 18, 1949, on 10 mares 
in foal showed an average egg count of 1.6 
eggs per gram of feces, and ranged from 
0.0 to 16.0 eggs per gram. The blood pic- 
ture of these 10 mares was as follows: 
10,500,000 erythrocytes per cubic millime- 
ter; hemoglobin, 15.1 Gm. per 100 ml, of 
blood; and leucocytes, 9,600 per cubic milli- 
meter. At a second farm, egg counts were 
done on 12 mares in foal. These mares had 
an average egg count of 170.0 eggs per 
gram, and ranged from 0.0 to 520.0 eggs per 
gram. The blood picture of these mares 
showed: 10,500,000 erythrocytes per cubic 
millimeter; hemoglobin, 14.6 Gm. per 100 
ml. of blood; and 9,000 leucocytes per cubic 
millimeter. At the third farm, egg counts 
were done on 10 mares in foal. These mares 
had an average egg count of 98.0 eggs per 
gram and ranged from 20.0 to 432.0 eggs 
per gram. The blood picture of these mares 
showed: 10,100,000 erythrocytes per cubic 
millimeter; hemoglobin of 13.9 Gm. per 100 


Legend for Illustrations on Opposite Page 


Fig. 1—The histograms represent the observed frequency distributions, and the polygons represent 
the theoretic distributions for the mean corpuscular hemoglobin concentration, mean cell volume, 
hemoglobin content, leucocytes in thousands per cubic millimeter, erythrocytes in millions per cubic 


millimeter, and packed volume of erythrocytes. 
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mi. of blood; and 9,400 leucocytes per cubic 
millimeter. 

There are no important differences be- 
tween the leucocyte counts of mares in foal 
on these three farms. On the farm which 
showed the lowest average erythrocyte 
counts and grams of hemoglobin, the mares 
showed an average egg count of 98.0 eggs 
per gram and occupied an intermediate po- 
sition between the farm with the highest 
average egg count and the farm with the 
lowest average exg count. The lower av- 
erage erythrocyte count and hemoglobin 
concentration is most likely related to a 
12.5-Gm. dose of phenothiazine given to the 
mares about two weeks before the blood 
tests were made. The egg counts indicate 
that these mares were less heavily para- 
sitized than were the mares on the second 
farm, where the mares showed higher av- 
erage blood values. 


SUMMARY 


1) A hematologic study of a population of 
65 Thoroughbred mares in foal revealed 
the following mean values with their stand- 
ard errors: 10.52 + 0.102 million erythro- 
cytes per cubic millimeter; 14.98 = 0.128 
Gm. of hemoglobin per 100.0 ml. of blood; 
packed volume of erythrocytes, 45.10 4 
0.362 per cent; 10.01 + 0.187 thousand leu- 
cocytes per cubic millimeter; mean cell vol- 
ume, 42.92 + 0.253 cubic microns; and a 
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mean corpuscular hemoglobin concentration 
of 32.96 0.115 per cent. 

2) The differential leucocyte counts 
showed the following mean percentages and 
standard errors neutrophils, 49.19 + 
1.004; lymphocytes, 43.79 1.126; mono- 
cytes, 0.154; eosinophils, 3.65 
0.238; and basophils, 0.66 — 0.093. 

3) Results of chi-square tests of agree- 
ment between the observed distributions 
and theoretic divtributions of the blood 
values according to the normal curve, to- 
gether with measures of skewness, indicate 
that the normal curve of error is applicable 
to the distributions, with the possible ex- 
ception of the hemoglobin and packed vol- 
ume of erythrocytes, and that the usual 
measures of reliability can be used. In other 
words, one could confidently expect that 
about 95.0 per cent of all healthy Thorough- 
bred mares in foal in central Kentucky 
would show blood values within two stand- 
ards deviations of the reported mean values. 


2 68 


References 


An Observation on 
f the Thorough- 


MacLeod 

Red Cel 

1 Hors« lence , 

MacLeod ‘onder t and 

Brown, kK. B tle icture Phorough- 

bred Horse 313 
Neser, 

South Africa 

‘Todd, A. C., H 


N 


the 
bere 


Tenth Rep. Vet. Res 
G. W 


isites in 


Wvant 
Thor- 


Kelle 

Z and Hanser orm Par 

oughbred Mares ntur 
(1949): 


per. Sta 


= Aw. J. Veer, Res 
e 
| 
4 
| é 
| 
i 
4 


Allergic Response to Johnin and Tuberculin of Various 
Skin Regions of Cattle 


AUBREY B. LARSEN, D.V.M., A. H. GROTH, M.S., D.V.M., 
and HOWARD W. JOHNSON, M.S., D.V.M. 


Auburn, Alabama 


THE INTRADERMAL tuberculin test employed 
by the United States Bureau of Animal In- 
dustry since 1920 in its codperative pro- 
gram for the eradication of bovine tuber- 
culosis is probably more widely used in 
veterinary medicine than any other single 
diagnostic test. The test is conducted by 
making a single intradermal] injection of 
tuberculin in the caudal fold. Seventy-two 
hours later, the injection site is observed 
for a diffuse or circumscribed swelling. The 


several sites on an animal's body at the 
same time, the resulting reactions varied 
in size. Every possible effort was made to 
eliminate these variations. The size of the 
dose was kept as uniform as possible by 
using a l-cc. tuberculin syringe with 0.01-cc, 
graduations. The injections were made very 
carefully to insure a uniform method. In 
spite of these precautions, the variation in 
the size of the reactions persisted. An ex- 
periment was planned, therefore, to deter- 


+ 
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Fig. 1—Location of skin regions on right and left sides of animals. Injection sites in each region 


same procedure is used in the johnin test, 
except that johnin instead of tuberculin is 
used, and the injection site is observed 
forty-eight hours after injection. 

During an experiment designed to study 
the potency of johnin,’ the method of mak- 
ing intradermal injections simultaneously 
over several regions of an animal's body 
was found to be satisfactory. When similar 
doses of a single material were injected at 
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mine if there is a difference in the sensi- 
tivity of various skin regions of cattle. 

The results of such a study might be 
used to distinct advantage by workers en- 
gaged in intradermal tuberculin and johnin 
testing in the field. Some animals that may 
be spreading tuberculosis and Johne’s dis- 
ease fail to react to the intradermal test 
when the allergin is injected into the skin 
of the caudal fold. The men engaged in 
this work have felt the need of a more 
sensitive and specific test in herds where 
these diseases have been difficult to eradi- 
cate. If an area of skin could be found 
which is more sensitive to tuberculin or 
johnin than the skin of the caudal fold, 
such an area could be used as an intrader- 
mal injection site. 
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A study of the literature indicates that a 
site on the neck is used in England? for mak- 
ing the intradermal tuberculin test. As far as 
can be determined, the use of this site was 
first reported by Joseph,’ in 1909. A similar 
technique was reported by Christiansen,’ in 
1910, Foth,® in 1909, pointed out what he con- 
sidered to be deficiencies in the use of the skin 
of the caudal fold as an intradermal injection 
site for tuberculin. 

PROCEDURE 

An experiment was planned, following the 
recommendations of Wadley,” so the results 
could be analyzed statistically. Six steers, ap- 
proximately 18 months old, were used. Each 
weighed about 600 Ib. Five were artificially 
sensitized with Mycobacterium paratubercu- 
losia and used as a group. The sixth was 
artificially sensitized with Mycobacterium 
tuberculosia var. bovis. Sensitization was ac- 
complished by intraperitoneal injections of 1 
Gm, of heat-killed organisms, suspended in 
60 ec. of sterile mineral oil, as described by 
Johnson.! The tests described in this paper 
were carried out when a high degree of sensi- 
tivity had been established. This was deter- 
mined by an intradermal test on a site that 
would not be used during the experiment. Five 
regions were outlined on each side of each 
animal (fig. 1). The dividing lines between 
these regions were based upon observations 
made on other sensitized animals on which the 
variation in size of the reactions had generally 
followed a pattern. Eight injection sites, about 
4 in. apart, were selected in each of the first 
four regions on both sides of the animal. The 
sites were marked by clipping the hair from a 
small spot (fig. 1). Region V included the 
caudal fold. It was smaller than the other 
regions and furnished only one injection site 
on each side. After clipping and before in- 
jection, the skin thickness of the injection 
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sites was measured with a dermal thickness 
gauge designed by Kummer and Johnson.* 

Intradermal johnin prepared at this labora- 
tory was used as the standard allergin, Four 
dilutions of the standard allergin were used 
to detect small differences in sensitivity. The 
dilutions were 1: 100, 1: 133, 1: 1,000, and 
1:1,333. Two injections (0.2 cc. each) of these 
four dilutions were then made in each of the 
four regions on both sides, at random. In re- 
gion V, only two dilutions were injected, be- 
cause it consisted of only two injection sites. 
The dilutions were 1:100 and 1:1,000. Alto- 
gether, 66 injections were made in each ani- 
mal. The increase in skin thickness, resulting 
from the reactions, was measured with the 
dermal thickness gauge forty-eight hours after 
injection. The animal sensitized with M. tuber- 
culosis var. bovis was used as those described 
above, except that Bureau of Animal Industry 
regular intradermal tuberculin, instead of 
johnin, was used for the injections. The dilu- 
tions were the same. The results from these 
reactions were recorded separately. 


RESULTS 


The reactions in the caudal fold (region 
V) were compared with the reactions in the 
other regions which had been injected with 
test materials of the same dilution as those 
in the caudal fold. The reactions from all 
injections, totaling 330, were used to estab- 
lish confidence limits. The calculations are 
based on the size of the reactions in each 
of the five regions on both sides of each 
cow. The results are shown in figure 2. 

The largest reactions occurred in region 
II (neck). The mean size of the reactions 
in this region was 6.98 mm. Reactions in 
region V (caudal fold) were smaller than 
those in any other region. The mean size 


Mean sise of reactions (mz,) 


Region Locetion 


Confidence linite of 
means at 5 $ point 


Neck 


Rack 


Side 


Side 


Caudel Fol 


5.91 to 8.05 


5.36 to 7.50 


4.69 to 6.83 


4.61 to 6.75 


1.34 to 4.3 


Fig. 2—Mean size of reactions in different skin regions. 
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in this region was 2.85 mm. Therefore, the 
skin on the caudal fold is least sensitive, 
and the skin on the neck most sensitive, to 
injections of intradermal johnin. The 
fourth column sets the confidence limits for 
these means. The figures in this column 
were determined by means of statistical 
formulas, which allow for sources of varia- 
tion such as individual differences in sensi- 
tivity of the cattle and different concentra- 
tions of the testing material. The confidence 
limits of region I through region IV over- 
lap, but those of region V do not overlap 
any of the others. 

The results obtained from the 
sensitized with M. tuberculosis var. 
conformed to the same pattern as the re- 
sults obtained from the 5 M. paratubercu- 
losis-sensitized cattle. 


animal 
bovis 


SUMMARY 
There was a highly significant difference 
between the sensitivity of region II (neck) 
and region V (caudal fold). Region II was 
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much more sensitive than region V when 
tested intradermally with johnin on 5 ani- 
mals sensitized with Mycobacterium para- 
tuberculosis. Similar results were obtained 
when tuberculin was used on 1 animal sensi- 
tized with Mycobacterium tuberculosis var. 
bovis. 
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Sulfamethazine and Blood Transfusion in Experimental 
Treatment of Bovine Brucellosis 


R. E. WATTS, 0.V.M., M.S., L. E. BOLEY, D.V.M., M.S., 
and W. ALASTAIR GREIG, B.Sc., M.R.C.V.S. 


Urbana, Illinois 


SINCE THE discovery of Brucella abortus in 
1895, large numbers of drugs, chemicals, 
and biologic agents have been used in at- 
tempts to cure infected animals. 

Graham et al.’ found that acriflavine, trypa- 
crin A, colloidal carbon, alkali hypoiodite, try- 
pan blue, thionin, and pyronine failed to alter 
the agglutinin titer of reacting cattle. Gotze 
and Muller,’ after testing a number of chemi- 
cal preparations, concluded that no known drug 
had any specific value in the treatment of 
bovine brucellosis Cordier and Menanger’ 
used numerous chemical agents, as well as 
Brucella toxins and blood from a reacting cow, 
in an attempt to treat Brucella-infected cows. 
None of these agents affected the serum-ag- 
glutination reaction or the infectivity for 
guinea pigs of milk from infected quarters. 

In the last twelve years, sulfonamides have 
been used therapeutically in numerous bac- 
terial infections of man and animal, but to 
date none has proved successful in the treat- 
ment of bovine brucellosis. Huddleson* re- 
ported that sulfonamides were of no value in 
the treatment of brucellosis in cattle and 
guinea pigs. Hamman and Huddleson,’ in a 
study of the effects of prontosil and sulfanila- 
mide on Brucella-infected obtained in- 
conclusive results as judged by the agglutina- 
tion titer and presence of Brucella organisms 
in the milk after five to seven weeks of treat- 
ment. Later, Hamman and Huddleson* found 
that sulfapyridine had some bacteriostatic ef- 
fect in vitro, but sulfapyridine treatment did 
not affect the organisms or agglutinin titers 
in infected guinea pigs. 

Rajeevic and Okljesa,’ working in Yugo- 
slavia, administered streptazol (sulfanilamide) 
at ten-day intervals over a period of six 
months to cows naturally infected with Br. 
They found that the drug had no 
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appreciable effect on the agglutination titer, 
and that it failed to prevent nonreactor cows 
from becoming positive following contact ex- 
posure in infected herds. 

Dumaresgq,” in Australia, treated 2 naturally 
infected cases of bovine brucellosis daily for 
eleven to thirteen days with 1 to 2 oz. of sul- 
fanilamide. The drug appeared to be toxic in 
the dosage used, but the Brucella blood serum 
titer was not reduced nor was the udder freed 
from Brucella organisms. 

Huddieson® treated guinea pigs artifically 
infected with Brucella suis or Brucella meli- 
tevais for thirty days by feeding sulfadiazine 
at the rate of 0.2 Gm. per animal per day for 
seven days. At the end of the first 24-hour 
feeding, the animals were injected intraperi- 
toneally with 2 ml. of normal rabbit serum. 
This treatment furnished evidence suggesting 
that rapid and complete termination of experi- 
mentally produced brucellosis in guinea pigs 
might be achieved. 


MATERIALS AND METHODS 


The present study was undertaken in an 
attempt to determine the therapeutic value of 
sodium sulfamethazine administered  intra- 
venously and orally, accompanied by whole 
blood transfusions in mature cattle naturally 
infected with Brucella. The presence of the 
disease in the experimentally treated cattle was 
based upon positive blood serum agglutination. 

The reacting animals used in this experi- 
ment were selected from a Guernsey herd in 
which a severe natural outbreak of brucellosis 
had been recognized for four to five months. 
Preceding the outbreak, all animals in the 
herd had been negative to the serum-agglutina- 
tion test for many years. Five cows and 2 
heifers were selected and divided into two 
groups. Group 1 included 3 reactors and 1 
suspect for treatment and group 2 included 
1 reactor and 2 suspects which served as 
controls. 

The animals in group 1 were each given an 
initial dose of 1% gr. of sodium sulfametha- 
zine per pound of body weight. The drug was 
administered intravenously. Sulfamethazine 
medication was continued for six days follow- 
ing the initial dose, at the rate of \ gr. per 
pound of body weight per oe each day. The 
medication was administered in three equally 
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divided doses during each 24-hour period. On 
the second day of sulfonamide therapy, each 
animal was given a transfusion of 1,000 ml. of 
citrated whole blood from cows negative to the 
Brucella-agglutination test. 

The course of treatment was repeated in 
group 1 after thirty-four days. The blood 
transfusion was given as before, but the sulfa- 
methazine was administered for four days 
rather than seven. 

A third series of treatments was adminis- 
tered to animals in group 1 forty days later. 
The same sulfonamide was given, but instead 
of a whole blood transfusion, 300 ml. of normal 
cow serum was used. Owing to the death of 
cow 7 on the second day of treatment, the 
dosage of sulfamethazine was reduced by one 
half in the remaining animals on the third 
day and was continued at this level through 
the seventh and last day of treatment. 

Cow 5 did not receive the first treatment 
of sulfamethazine and blood transfusion, but 
was included in the second and third series of 
medications. 

For approximately a month before treat- 
ment, weekly serum- agglutination tests in all 
animals were made using both the tube and 
rapid plate methods. Milk whey-agglutination 
tests were run by Huddleson’s” method. Milk 
was cultured in tryptone proteose broth and 
tryptone crystal-violet agar in an atmosphere 
of 10 per cent CO,.. Guinea pigs were also 
inoculated with the milk. Agglutination tests 
were made on their blood, and their organs 
cultured for Brucella. 

In addition to the above observations, total 
erythrocyte, total leucocyte, and differential 
blood counts were made and hemoglobin deter- 
minations were done by the Fischer electro- 
hemometer method. 

The determination of free sulfonamide levels 
in the blood of treated cows was made after 
the method described by Bratton and Mar- 
shall." These observations were made at fre- 
quent intervals throughout the experiment, 
both during and after treatment. Blood cul- 
tures were made periodically, but Brucella 
was not found in the blood of any of the 
animals. 

Blood serums of all donors and recipients 
were matched to avoid gross incompatibilities. 


RESULTS 

The results of the experiment are assem- 
bled in table 1. 

Group 1.—Cow 3 had Brucella agglutinin 
titers of 1:200 and 1:50, respectively, for 
the blood and milk before treatment. Bru- 
cella was cultured from her milk. Cow 3 
was treated with both sulfamethazine and 
whole blood transfusions. Her free sulfa- 


methazine blood level reached 13.67 mg. per 
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100 ml. during treatment. After the termi- 
nation of therapy, she became recumbent, 
and died on the fifty-first day of the ex- 
periment. A large 9.5-lb. papillary cys- 
tadenocarcinoma and hematoma of the left 
ovary was found at autopsy. Histologic and 
pathologic determinations did not reveal 
any lesions associated with sulfonamide 
toxicity; however, one cannot rule out sul- 
fonamide treatment completely as a factor 
contributing to death, along with the ad- 
vanced age of the animal (14 yr.). Brucella 
abortus was recovered from the mammary 
tissue, but not from the viscera. The Bru- 
cella titers were 1:100 for the blood serum 
and 1:200 for the milk whey on the day 
the animal died. 

Cow 5 was withheld from the first treat- 
ment, but was given sulfamethazine and 
transfusions in the second course. The 
third treatment consisted of sulfamethazine 
and an intravenous injection of 300 cc. of 
normal bovine serum. Before treatment, 
her Brucella titer was 1:800 in both serum 
and milk. Brucella abortus was recovered 
from her milk throughout the experiment, 
both before and after treatment. The free 
sulfamethazine blood level reached 19.75 
mg. per 100 ml. during her first treatment 
and 7.68 mg. per 100 ml. during her second 
treatment. The Brucella titer for the milk 
was 1:800 and 1:200 for the blood at the 
termination of the experiment. 

Cow 7 was given two courses of treat- 
ment with sulfamethazine and blood trans- 
fusions. She showed a marked reaction to 
the second transfusion, displaying uneasi- 
ness, inappetence, and marked diarrhea for 
the greater part of one day. Before treat- 
ment, her Brucella blood titer was 1:25. 
During treatment, it varied between 1:40 
to 1:10. On the last test, she was negative 
to the tube test; however, a parallel to this 
can be seen in an untreated control (cow 6). 
Milk cultures and test for milk agglutinins 
were negative throughout the experiment. 
The free sulfamethazine blood levels 
reached 18.92 mg. per 100 ml. in the first 
treatment and 36.49 mg. per 100 ml. in the 
second. In the third series of treatments, 
consisting of sulfamethazine and normal 
bovine serum, this animal became recum- 
bent and died on the third day of treatment. 
Bacteriologic examination of the liver, kid- 
ney, spleen, and cotyledons were negative 
for pathogens. Histopathologic examina- 
tions of the kidneys revealed evidence sug- 
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gesting damage to the glomerular capil- 
laries. The spleen showed many necrotic 
malpighian bodies with little evidence of an 
inflammatory reaction. The blood transfu- 
sion, together with the sulfamethazine med- 
ication, is presumed to have been the cause 
of death. 

Cow 9 was treated twice 
methazine and whole blood transfusions, 
and once with sulfamethazine and normal 
bovine serum intravenously. This cow also 
showed a marked reaction the 
transfusion, with symptoms of uneasiness 
and marked diarrhea for approximately one 
day. The pretreatment blood serum Bru- 
cella titer ranged from 1:200 to 1:800. 
During the course of the experiment, it 
varied between 1:100 and 1:800. It was 
1:100 at the termination. Milk cultures 
were negative for Brucella organisms for 
the first five months of the experiment, but 
became positive during the sixth month and 
remained positive to the termination of the 
experiment. The milk agglutinin titer 
varied between 1:25 and 1:50 by the rapid 
plate test, but was negative at the end of 
the experiment. The free sulfamethazine 
blood level reached 18.94 mg. per 100 ml. 
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was negative five months later. Milk cul- 
tures were negative for Brucella at all times 
during the experiment and whey-agglutina- 
tion tests were also negative 

Cow 8 had an initial Brucella blood titer 
of 1:206. During the course of the experi- 
ment, the titer did not exceed 1:100. It 
was 1:100 at the termination. Milk cul- 
tures were positive for Brucella at frequent 
intervals. Tests for Brucella agglutinins in 
the milk were negative until the third month 
when a titer of 1:20 appeared. The ter- 
mina] titer of the milk was only 1:40, al- 
though Brucella had been isolated from the 
milk five times previous to the final tests. 

The total erythrocyte and leucocyte count 
and differential leucocyte counts were ini- 
tially quite close to the normal averages re- 
ported by Ferguson, Irwin, and Beach.'* 
No noticeable changes were recorded during 
the progress of the experiment except that 
the granular leucocytes were reduced in the 
treated individuals during the administra- 
tion of the sulfonamides. 


DISCUSSION 


In the foregoing experiments, an attempt 
was made to determine the value of com- 


TABLE !—Effect of Sulfamethazine and Blood Transfusions on Brucellosis in Dairy Cattle 


Pretreatment 
Milk Titer 
Tlate Tube 


Cow 
4 Control ’ 1: 26 1 

& Treated” 1280 


20 


* = died after lat treatment: ** died during Jr 


whole blood transfusion plus one treatment sulfan 
methagine and whole blood transfusion plus one 


during the first course of treatment and 
21.56 mg. and 9.73 mg., respectively, for 
the second and third. 

Group 2 (Controls).—Cow 4 had a blood 
agglutinin titer of 1:100 at the beginning 
of the experiment, and a terminal titer of 
1:100. Milk cultures were negative for 
Brucella during the first six months of the 
experiment. Brucella was cultured from 
the milk during the seventh month. The 
whey-agglutination titer was 1:400 during 
the fifth month. 

Cow 6 had a Brucella blood titer of 1:50 
at the beginning. During the progress of 
the experiment, the titer rose to 1:100 but 
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bined sulfonamide and normal whole blood 
or normal serum transfusion therapy in 
brucellosis-infected cattle. 

A rather high free sulfonamide blood 
level was attained in the treated animals. 
Doses of 1,000 ml. of citrated normal whole 
blood or 300 ml. of normal serum were de- 
signed to furnish the desired therapeutic 
amounts of normal serum and blood cellular 
elements for therapy. The reaction suffered 
by the 2 cows on the second transfusion was 
severe. It is presumed that the treatment 
the cause of death in the 2 
cows that died during the experiment. 

The combined treatment with sulfameth- 
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azine and citrated normal whole blood or 
normal serum did not eliminate Brucella 
from the milk of the positive cows; it did 
not prevent the udder from becoming in- 
fected following natural exposure; and it 
did not reduce the blood agglutinin titers 
significantly. Although 1 treated cow be- 
came negative, an untreated control cow 
also became negative. It must be concluded 
that treating brucellosis-infected cows with 
sulfamethazine combined with normal whole 
blood or normal serum transfusions had no 
appreciable effect. 


SUMMARY 

Four cattle with brucellosis were treated 
repeatedly with sulfamethazine and trans- 
fusions of normal citrated bovine whole 
blood or normal serum. Three infected 
cattle were held as untreated controls. 
Hematologic, serologic, and bacteriologic 
studies were made before, during, and after 
treatment. The treatment had no apparent 
effect on the blood titer and did not prevent 
3 cows from shedding Brucella in their 
milk. 
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A Quantitative Study of Trichomonas Foetus in Preputial 
Samples from Infected Bulls 


DATUS M. HAMMOND, Pb.D., V. REID BISHOP, M.S., GEORGE JEFFS, B.S., 
and WAYNE BINNS, D.V.M. 
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IT IS KNOWN that infections with Tricho- 
monas foetus in the cow are character- 
ized by cyclic fluctuations in numbers of 
trichomonads associated with the estrual 
cycle.' There is, as yet, no information on 
the quantitative features of infections with 
T. foetus in bulls. Such information would 
aid in understanding the nature of the in- 
fection in bulls. Also, knowledge of this kind 
is needed as a foundation for study of the 
problem of diagnosis in bulls. This study 
was undertaken with the hope of obtaining 
information about the levels of numbers of 
trichomonads in the preputial fluid of in- 
fected bulls, and of obtaining further in- 
formation about the accuracy of the exam- 
ination of preputial samples as a method 
of diagnosis in bulls. 


MATERIALS AND METHODS 


Six bulls were = in this study, which ex- 
pe 


tended over a iod of approximately two 
years. Each of the bulls was naturally in- 
fected, and was in service in a dairy herd in 
Utah at the time of diagnosis. The breeding 
and date of birth of each bull are presented 
in tables 1 and 2. Bulls E and F were from 
the same herd. Each bull was brought to the 
campus of the Utah State Agricultural Col- 
lege for a period of study ranging from two to 
six months. The bulls were kept in rather 
small, individual pens in a barn with a small 
outside run, or in larger, individual pens in 
another barn without outside runs. They were 
fed on hay. Bulls were not allowed breeding 
activity during the course of the study. 
Samples of preputial fluid were taken from 
each bull at regular intervals, usually of one 
or two days. Samples were obtained by means 
of a pipette similar to the modified Andrews 
and Miller vaginal pipette described by Ham- 
mond and Bartlett... The pipette used in the 
present study differed in that it was straight 
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instead of bent toward one end, and the for- 
ward end had an opening at the center instead 
of toward one side. The pipettes were made 
of 8-mm. glass tubing, and were approximately 
21 in. long. The end of the tube was con- 
stricted to an opening of about 4 mm. by heat- 
ing in a gas flame. Two-ounce rubber bulbs 
were used with the pipettes. Pipettes and 
bulbs were individually wrapped in paper and 
sterilized before use. 

Prior to taking a sample, the bull was fas- 
tened at his head and, during sampling, an 
assistant applied tail restraint. In only 1 bull 
(F) was it necessary to use stocks and to re- 
strain one hind leg in order to prevent kicking 
and movement of the bull. The pipette was 
introduced into the prepuce as far as possible, 
with the bulb inflated, then the bulb was 
quickly deflated to blow out any fluid that had 
entered the pipette during its insertion. The 
pipette was oscillated forward and back a 
number of times so that its tip moved between 
the posterior limit of the preputial cavity and 
the anterior end of the penis in its retracted 
position. Usually, the left hand of the oper- 
ator was used to manipulate the end of the 
pipette in such a way that it moved over all 
sides of the glans penis. In removing the 
pipette from the prepuce, further inflation of 
the bulb was prevented in order to avoid dilu- 
tion of the sample with urine. 

Occasionally, the pipette was broken during 
the taking of a sample. On two occasions, the 
pipette broke inside the prepuce, resulting in 
slight wounds of the preputial membrane. In 
both of these cases (bulls D and F), the taking 
of samples was interrupted for a period of 
two to three weeks to avoid possible inter- 
ference with the healing of the wound. In both 
cases, healing occurred normally. 

After collection, the sample was put into a 
graduated centrifuge tube and the volume was 
recorded. Rarely was it necessary, because of 
the turbidity or small quantity of the sample, 
to use saline solution to facilitate transfer of 
the sample from the pipette to the tube. 

Microscopic examination of the sample was 
begun in most cases within one-half hour after 
the sample was obtained. The examinations 
of bulls A and B were done by one of the 
writers (V.R.B.); those of the others, with the 
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exception of a few examinations, by another 
of the writers (D.M.H.). The sample was 
thoroughly mixed in the centrifuge tube by 
drawing it into a pipette and expelling it a 
number of times. In the early part of the 
study, the number of trichomonads in a sample 
was estimated by putting 0.05 ce. of the fluid, 
measured with a 0.2-cc. calibrated pipette, on 
a glass slide, adding a 22-mm. No. 1 cover slip, 
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and counting all the trichomonads seen, using 
a 16-mm. objective and 10x oculars. 

This method was not satisfactory, because 
part of the sample was squeezed out from 
under the edges of the cover slip and dried be- 
fore, the count could be completed. Also, it was 
difficult to obtain accurate counts by this 
method when the trichomonads were at a high 


level of concentration. In the later part of 


TABLE |—Number of Trichomonas Foetus Organisms in Preputial Samples from 4 Bulls as Estimated by Examination 
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the study, a hemacytometer was used for esti- 
mating the numbers of trichomonads in sam- 
ples. In most cases, the trichomonads on the 
whole ruled area were counted for four differ- 
ent portions of each sample. The use of the 
hemacytometer yielded more accurate results 
than the use of 0.05-cc. samples on a glass 
slide and, by comparison, it was seen that the 
estimates of numbers by the latter method 
were too small. In bull C, which was included 
in both parts of the study, the median num- 
ber of trichomonads in 59 samples estimated 
by use of the hemacytometer was 44,000 per 
cubie centimeter; while the corresponding 
figure for 34 samples, using the 0.05-cc. por- 
tion method, was 1,490 per cubic centimeter, 
It is likely that this difference is, to a consider- 
able extent, a reflection of the difference in 
the two methods. The hemacytometer method 
was not used at the beginning of the study 
because it was thought the level of numbers 
in the samples would not be sufficiently high to 
make feasible the use of this method. 
Occasionally, samples, were so turbid that 
dilution with saline solution was necessary 
to enable the trichomonads to be seen clearly 
among the cellular material. In samples in 
which no trichomonads were seen in the first 
examination, several portions from the bottom 
of the sample were examined under the micro- 
scope. In this case, the mixing of the sample 


prior to removing the portion to be examined 


microscopically was omitted. 


RESULTS 


Amount and Nature of Preputial Fluid.— 
The average amount of preputial fluid ob- 
tained at each examination from all bulls 
was 0.52 ec. The 2 bulls (B and F) with 
the lowest average amount of fluid per sam- 
ple (0.4 cc.) were also the lowest in per cent 
of positive examinations, except for bull D, 
whose trichomonad infection was probably 
influenced by a concurrent bacterial infec- 
tion. There was no obvious relationship be- 
tween size of sample and number of tricho- 
monads. However, in the case of bull C, the 
samples with the highest concentrations of 
trichomonads were characteristically small 
in quantity. 

The samples from each bull varied consid- 
erably in degree of turbidity. In some bulls, 
such as E, the samples were frequently 
turbid. There was no obvious correlation 
between turbidity of sample and concentra- 
tion of trichomonads. However, in bull C, 
several of the samples with relatively high 
concentrations of trichomonads were rela- 
tively turbid. 

The samples from bull D were always ex- 
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cessively turbid. They were usually opaque 
and purulent, and were sometimes flocculent 
in appearance. There were sores at the pre- 
putial orifice, and it was at first thought 
that the bull was infected with Actinomyces 
necrophorus. The bull received two courses 
of treatment with sulfa drugs; the first 
with sulfamethazine, beginning Jan. 21, 
1949, and the second with sulfamethazine 
and sulfamerazine, beginning Feb. 5, 1949. 
There was no apparent effect on the sores 
or on the trichomonad infection from these 
courses of treatment. At a later date, a 
sample of preputial fluid was obtained with 
aseptic precautions and a portion was used 
for bacteriologic tests. These resulted in 
the determination that infection with 
Corynebacterium species was present. This 
infection undoubtedly was a major factor 
in the abnormality of the preputial fluid. 
In a preputial sample obtained on Feb. 14, 
1949, an abnormal] trichomonad was seen. 
Its body was more spherical than usual, and 
it had a trailing flagellum more than twice 
the length of the body. This occurrence 
may have been associated with the courses 
of treatment or with the bacterial infection. 
Percentage of Positive Examinations.— 
The results of the early part of the study, 
in which 0.05-cc. portions of samples were 
examined, are included in table 1, and the 
results of the later part of the study, in 
which a hemacytometer was used for esti- 
mating the number of trichomonads, are 
presented in table 2. The data in table 1 are 
not directly comparable with those in table 2 
because of differences in method used. Re- 
sults of the study are summarized in table 3. 
Three of the 6 bulls were positive at 
every examination, 2 other bulls were posi- 
tive at 86 and 80 per cent of their examina- 
tions, respectively, while only 1 bull was 
positive at less than half (45°) of his ex- 
aminations. Bull C studied over a 
longer period than any of the others. Count- 
ing both periods of study of this bull, which 
totaled about six months, there were 70 ex- 
aminations, and the lowest number of tri- 
chomonads found was three per 0.05 cc. The 
1 bull (D) which deviates markedly from the 
pattern of the other 5 was the 1 found to 
be infected with Corynebacterium species. 
It is reasonable to suppose that the bacterial 
infection influenced the trichomonad infec- 
tion. 
Bull F showed the next lowest per cent of 
positive examinations. A factor contrib- 
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uting to this result was the difficulty of ob- 
taining good samples from this bull. Typi- 
cally, he urinated just before the sample was 
taken, resulting in the sample frequently 
being diluted with urine. Also, it was nec- 
essary to restrain this bull while taking the 
samples, making it more difficult to obtain 
good samples. 

The third bull (B) whose examinations 
were not all positive, had eight negative 
examinations in ten days, seven of which 
were consecutive. 

There were a total of 241 examinations 
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TABLE 2—Number of Trichomones Foetus Organisms in Preputial Samples from 3 Bulls as Estimated with the Aid 
of a Hemacytometer 
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of the 6 bulls during the study, of which 
217 (90%) were positive. 

Levels of Numbers in Samples.—In 2 of 
the bulls (D and F), the concentration of 
trichomonads in the samples remained rela- 
tively low. One of these (F) had excessively 
turbid samples, and the infection with T. 
foetus was probably altered by the presence 
of the bacterial infection. 

In the other 4 bulls (A, B, C, and E), the 
numbers of trichomonads in the samples 
fluctuated irregularly between relatively 
low and relatively high levels. The majority 
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of intervals between definite peaks in num- 
bers in each of these bulls was between five 
and ten days in duration. In the 2 bulls 
(A and B) in which samples were taken 
daily, there were a number of minor peaks 
separated from other peaks by intervals of 
two to four days. 

Since there are no known cyclic repro- 
ductive changes in the bull, comparable to 
those of the estrual cycle in the cow, it 
might be expected that there would be no 
regular cyclic pattern of fluctuations in 
numbers of trichomonads, such as has been 
found in the cow.' However, it is of interest 
that such major fluctuations in numbers of 
trichomonads in the preputial fluid occurred 
and that the concentration of trichomonads 
reached such a relatively high level. The 
peaks of numbers were not as great as those 
found in females. In the 3 bulls in which 
numbers were estimated by the use of the 
hemacytometer, the peaks in level of num- 
bers in the preputial samples were 488, 216, 
and 20 thousand per cubic centimeter, re- 
spectively, while in 1 female, Hammond 
and Bartlett estimated a particular sample 
contained 12,500,000  trichomonads per 
cubic centimeter. However, the numbers 
found, in general, in females prior to the 
first estrus following exposure were of the 
same order as those found in the first 2 
bulls referred to above. 

Fluctuations in Appearance of Tricho- 
monads.—Trichomonads showed some cor- 
relation of motility with level of numbers 
in the sample, being, in general, more ac- 
tively motile when the levels were high and 
less actively motile when the levels were 
low. However, this correlation was not 
nearly as definite as was the case in infec- 
tions of females.’ 

DISCUSSION 

A relatively high percentage of the exam- 
inations were positive in this study as com- 
pared with other similar studies. Bartlett, 
Hasson, and Teeter® found 68.88 per cent 
of 800 preputial samples from 10 infected 
bulls positive. Eight of the 10 bulls were 
characterized by 45 to 85 per cent occur- 
rence of positive samples. These 8 bulls 
were considered to be typical, while 2 other 
bulls, with 19.50 and 8.51 per cent of posi- 
tive samples, respectively, were considered 
atypical. Morgan* found T. foetus in nine 
of 61 preputial samples from 5 infected 
bulls. In a study by Andrews and Miller,’ 
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there were five positive samples out of a 
total of 45 from 7 infected bulls. As pointed 
out by Bartlett, Hasson, and Teeter,® the 
low percentage of samples in the studies of 
Andrews and Miller and of Morgan are 
most logically explained on the basis of un- 
satisfactory obtaining and 
examining preputial samples. In an attempt 
to compare the efficiency of the pipette 
method used in the present study and the 
swab method recommended by Morgan, nine 
samples were taken from bull A by each 
method on and examined 
under similar conditions. The average num- 
ber of trichomonads found in samples ob- 
tained by the pipette method 
2,990 per cubic centimeter; in those ob- 
tained by the method, the average 
number was 190, only about 6 per cent of 
the average of samples obtained by the 
pipette method. Therefore, the pipette 
method would have a much better chance of 
resulting in the demonstration of tricho- 
monads if their concentration in the pre- 
putial fluid were low than would the swab 
method, 

One important difference in method 
from that used by Bartlett and coworkers 
was employed in the present study. The 
preputial sample was examined without 
first diluting it with saline solution, except 
in the relatively few instances where this 


techniques of 


alternate days, 


averaged 


swab 


was necessary because of the small quantity 


or turbidity of the sample. In the study of 
Bartlett and coworkers," each sample was 
diluted with 7 cc. of saline solution in trans- 
ferring the preputial fluid from the pipette 
to the tube. This difference in method 
might have been a factor in the difference 
in results in the two studies. Another dif- 
ference in method that may have been in- 
volved in the difference in results was the 
interval between samples. In the study of 
Bartlett and coworkers, this was usually a 
week; in the present study, it was usually 
one or two days. Thus, the present study 
involves more intensive sampling of bulls 
over a shorter period. However, the indi- 
vidual differences in infections of the bulls 
may have been more important than any dif- 
ferences in methods in causing the differ- 
ences in results, since the number of bulls 
used in each study was relatively small. 
As in the study of Bartlett ef al.,° the 
procedure of collecting samples in the pres- 
ent study was carried out with the objective 
of obtaining preputial fluid from the sur- 
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face of the glans penis and adjacent pre- 
puce. It was shown by. Hammond and Bart- 
lett® that trichomonads occur in highest 
numbers in this area, with relatively lower 
numbers scattered over the remainder of 
the penis and prepuce. It is probable that 
the collection of preputial fluid from this 
site was a factor in the relatively high per- 
centage of positive examinations in the 
present study. 

If further study confirms the degree of 
accuracy shown by the sampling method 
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cludes too few bulls to be conclusive either 
with respect to per cent of positive exam- 
inations or with respect to fluctuations in 
numbers of trichomonads. However, it does 
indicate that, with the methods used, micro- 
scopic examination of preputial samples is 
a more accurate method of diagnosis than 
has been generally believed up to the pres- 
ent. The present study also demonstrates 
the feasibility of using the hemacytometer 
to estimate the numbers of trichomonads in 
preputial samples, and indicates that in 


TABLE 3—Summary of Results of Examinations of 6 Bulls for Trichomonas Foetus 


Period of Ave. size of Total 
Hull study (days) sample (oe.) exame 
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0.50 4 
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20 
Average 0.52 


*Number too smal) to be estimated by method used 
*Number estimated by counting trichomonads in 
**Number estimated ty use of hemacytometer 


used in the present study, the diagnosis of 
trichomoniasis in herds will be made less 
difficult. If the suspected bull can be exam- 
ined with a good degree of accuracy and 
without too much difficulty, it is preferable 
to make the diagnosis in this way, rather 
than by examining females. There are many 
more factors affecting the likelihood of 
demonstrating trichomonads in females 
than in males. Some of the most important 
of these factors are the amount of time 
elapsed since exposure, the stage of the 
estrual cycle in which the sample is taken, 
history of previous infection, and the course 
of infection. 

The factors influencing fluctuations in 
numbers are unknown. They may be re- 
lated to physiologic changes in the prepuce 
or to the physiology and life cycle of the 
trichomonads, or to both. It is probable 
that bulls in active service would show a 
different pattern of fluctuation in numbers 
than those of the present study, in which 
the bulls were out of service. The regular 
removal of preputial fluid in the sampling 
procedure probably affected the pattern 
also. 

It is realized that the present study in- 
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some bulls there are marked fluctuations in 
numbers, with relatively high peaks. The 
frequency of peaks at intervals between 
five and ten days indicates that diagnostic 
procedure should include sampling a sus- 
pected bull several times at semiweekly or 
weekly intervals before he is considered 
negative for trichomoniasis. This is in 
agreement with the recommendation of 
Bartlett,’ who states that a bull should be 
examined weekly for at least six weeks be- 
fore concluding that he is negative. 


SUMMARY 


1) Six bulls infected with Trichomonas 
foetus were studied for two to six months, 
with especial reference to the concentration 
of trichomonads in the preputial fluid. 

2) Preputial samples were obtained by 
means of a pipette from each bull at inter- 
vals, usually of one or two days. After 
mixing the sample thoroughly, in the first 
part of the study, 0.05-cc. portions of the 
sample were examined microscopically to 
determine the number of trichomonads; in 
the later part of the study, a hemacytome- 
ter was used for this purpose. 

3) The average period of study of each 
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bull was eighty-six days, and the average 
quantity of preputial fluid obtained at each 
examination was 0.52 cc. 

4) The total number of examinations 
was 241 or an average of 34.4 for each bull. 
Of these, 217 (90°) were positive. Three 
bulls were positive at every examination; 
for the other 3, the percentage of positive 
examinations was 86, 80, and 45, respective- 
ly. The last bull had a concurrent infection 
with Corynebacterium species 

5) The 6 bulls differed greatly in the 
concentration and degree of fluctuation in 
numbers of trichomonads in the preputial 
samples. In 2 of the bulls, the concentration 
of trichomonads remained at a relatively 
low level. In the other 4 bulls, there were 
marked irregular fluctuations in concentra- 
tion of trichomonads. In each of these bulls, 
the majority of intervals between peaks in 
numbers were from five to ten days in dura- 
tion. The concentration of trichomonads 
found was less than those characteristic of 
vaginal samples, but was of the same order 
of magnitude as found in the early stage 
of infections in females 

6) In nine samples obtained by the swab 
method, the average number of trichomo- 
nads was only 6 per cent of that found in 
nine samples obtained on alternate days 
from the same bull by the pipette method. 
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7) The use of a pipette for obtaining 
samples, the collection of preputia] fluid 
from the surface of the glans penis and 
adjacent prepuce, the examination of un- 
diluted preputial fluid, and the repetition of 
sampling of suspected bulls, in accordance 
with the finding of marked fluctuations in 
concentration of trichomonads, will im- 
prove accuracy of diagnosis by means of 
microscopic examination of preputial fluid. 


References 

Datus M., and Bartlett. David E 
Pattern of Fluctuation in Numbers of Tri: homonas 
Vagina During 


Initial Infectior I. Correlation with Time of Ex 
posure and with Subsequent Estrual Cycles Am 
J Vet. Kes '45) 84-90 

‘Hammond, Datus M.. and Bartlett, David FE 
Matablishment f infection with Trichomonas Foe- 
tus in Bulle by Experimental Exposure Am. J. Vet 
lies §, (1943) 61-65 

Bartlett. David E Hasson, Eleanor U and 
Teeter, Keith G Geccurrence of Trichomonas Foe.- 


tus in Preputial Sampies fron Infected Bulls 
Application in Diagnos A.V.MLA., 116, (1947) 
114-120 
‘Morgan, B. B Bovine Trichomontasis. Burgess 
Publishing Co Minneapolis, Minn (1946) 1-165 
‘Andrews, Justin, and Miller. f red W Tricho 
monas Foetus in Bulls Am. J. Hyg 28, C19BN> 


40.50 


*Hammond, Datus M and Bartlett, David FE 
The Distribution of Trichomonas Foetus in the 


Preputial Cavit of Infected Bulls Am. J. Vet. 
Res., §, (1948): 143-149 

Bartlett, David } Procedures for Diagnosing 
Rovine Venereal Trichomoniasix and Handling Af 
fected Herds. J.A.V.M.A 114, (1949) 93-2305 


j 

{ 

~ 
. 


THE BACTERIOSTATIC action of nitrofura- 
zone (furacin) and of related compounds 
was first described by Dodd and Stillman.' 
Since that time, several workers have in- 
vestigated the chemotherapeutic possibili- 
ties of this series of drugs. Dodd,* studying 
the in vivo activity of the compound against 
experimental infections of mice, found pro- 
nounced activity against Trypanosoma 
equiperdum and also against several species 
of bacteria. Harwood and Stunz® demon- 
strated the effectiveness of the drug in ex- 
tremely small doses for the control of ex- 
perimental coccidiosis produced by Eimeria 
tenella. Daily* reported that the effective- 
ness of the drug was strongest in infections 
involving genito-urinary and gastrointes- 
tinal tracts. 

This paper reports a preliminary evalua- 
tion of the effect of seven nitrofurans* on 
the in vitro survival of Trichomonas foetus. 


MATERIALS 4ND METHODS 


Culture Mediumsa.—The stock cultures of T. 
foetus were maintained as described by Cole’ 
on a modification of Schneider’s® citrate me- 
dium. 

The experimental work was performed in a 
fluid medium suggested by Plastridge.’ It is 
essentially a beef infusion-glucose-peptone me- 
dium with heat-inactivated bovine serum 
added. 

Organisms Employed.—The  trichomonad 
used in this study was T. foetus, strain BR, 
originally isolated by Morgan and Wisnicky,” 
from a cow suffering from a trichomonad pyo- 
metra, and since kept in pure culture on the 
modified Schneider's medium. 

Dilution and Distribution of the Drugs. 
The various nitrofurans, originally obtained in 
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granular form, were first ground to a fine pow- 
der to facilitate solution. Experimental medium 
was employed as the solvent. The resulting 
solutions were sterilized by filtration. One- 
milliliter portions were transferred to the 
tubes containing 9.0 ml. of the medium, the 
combination resulting in 10.0 ml. of medium 
containing the desired concentration of the 
drug. Concentrations of the drugs tested (in 
ug./ml.) were as follows: 0.5, 1.0, 5.0, 10.0, 
20.0, 50.0, 100.0, 250.0, 500.0, and 1,000.0. 
Conditions of Growth.—Experimental tubes 
were inoculated with sufficient stock cultures 
to cause each to contain approximately 250,000 
active trichomonads per milliliter initially. 
This was accomplished by the addition of 0.4 to 
0.6 ml. of the stock culture which, at forty- 
eight hours was found to have a population of 
5,000,000 to 6,000,000 trichornonads per milli- 
liter. Every procedure, with the exception of 
the counting, was performed aseptically. Bac- 
terial contamination was tested for daily by 
inoculating a loopful of the culture into nu- 
trient broth and thioglycollate medium. At the 
end of every series, stained films were ex- 
amined. Contaminated cultures were discard- 
ed and the work repeated. All cultures were 
incubated at 37 C. in uniform, 15 by 150 mm. 
pyrex tubes. 
Determination of the Population Count. 
The population counts were made with a Levy 
hemocytometer counting chamber. After thor- 
ough rotation of the culture tubes, 0.5-ml. 
samples were withdrawn and were added to 
0.5 ml. of a 5.0 per cent solution of formalde- 
hyde. To this volume was added 4.0 ml. of 
physiologic saline. After mixing thoroughly, 
a sample was withdrawn and was pipetted 
under the cover glass of the hemocytometer. 
A count was made of all the organisms in each 
of the four, 1.0-sq. mm. sections, and the aver- 
age of these four readings was taken. The 
count per milliliter was obtained by multiply- 
ing this figure by the total dilution factor 
(100,000). The average of the counts of both 
sides of the hemocytometer was taken as the 
final count. All experiments were performed 
in duplicate and 14 samples were counted for 
each determination. The figures obtained 
agree to within 5.0 per cent, exceeding that 
number no more than once in 20 times. 
At the time 0.5-ml. samples were withdrawn 
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from the culture tubes for counting, a separate 
portion was examined under the microscope. 
If approximately half the organisms were not 
motile, the culture was considered “nonmotile” 
and counting was discontinued. However, 
where cultures are spoken of as being “ster- 
ile,” no motile organisms were observed. 

Determinations of pH were made with a 
Beckman pH meter. 

Druge Used.—The drugs used in this study 
were as follows: 


NF-7....5-nitro-2-furaldehyde semicarba- 
zone 
.5-nitro-2-furaldehyde-2 
yethyl) semicarbazone 
5-nitro-2-furaldehyde 
zone 
5-nitro-2-furaldehyde-5 
yethyl) semioxamazone 
5-nitro-2-furaldehyde  acethydra- 
zone trimethyl ammonium chloride 
.5-nitro-2-furaldehyde 4-(2-hydrox- 
yethyl) carbazone 
.N-(5-nitro-2-furfurylidene) -1-ami- 
no hydantoin 


NF-67. (2-hydrox- 


NW-84 semioxama- 
NF-89 (2-hydrox- 
NF-114 
NF-145 


NF-1538. 


RESULTS 


All seven nitrofurans were effective in 
sterilizing the standard cultures of T. 
foetus within twenty-four hours, when 
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approximately fifty minutes after exposure. 
Although the present work does not furnish 
conclusive evidence, it would seem that T. 
foetus is sensitive to the basic structure of 
the drugs, which they all have in common, 
and that the side chains of the different 
compounds have little or no additional effect. 


SUM MARY 


Seven nitrofurans were tested in vitro 
and were found lethal for Trichomonas 
foetus in concentrations as low as 20.0 pg. 
per milliliter under the conditions of the 
It is felt that these results are suffi- 
further in- 


test. 
ciently promising to warrant 
vestigation. 
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CHRONIC BOVINE streptococcic mastitis has 
been recognized as an important disease in 
most areas where intensive dairying is prac- 
ticed. 

This type of mastitis appears to be a 
distinct clinical and bacteriologic entity, 
although the lesions described in a previous 
report’ are variable. The lesions were ob- 
served to be more severe than would be 
expected from the small number of strepto- 
cocci found in the milk or in the tissues of 
the gland. A definite explanation of this 
phenomenon has not been presented, though 
various secondary invaders and trauma have 
been suggested as possible contributing 
factors. 


LITERATURE CITED 


Jones and Little’ * found that repeated in- 
tramammary inoculation of small numbers of 
Stre ptococcus agalactia were necessary to pro- 
duce mastitis in lactating heifers. They postu- 
lated that the udder must first be sensitized 
to streptococci before the organisms can estab- 
lish themselves and produce clinical mastitis. 
Munch-Peterson* stated that Beckel found 
neither allergic responses nor specific anti- 
bodies in cases of untreated mastitis. Little 
and Plastridge’ found the sin of young cows 
with experimental] streptococcic mastitis sensi- 
tive to a streptococcic filtrate 

The relation of streptococci to mastitis 1s 
important when considering the postulate of 
Jones and Little. Other workers have had 
difficulty in producing mastitis by artificial 
inoculation of small numbers of streptococci. 
Furthermore, there is usually a period from 
six weeks to many months before the infection 
is manifest, as shown by Seelemann® and Van 
Oijen (Munch-Peterson). Miller, Little,” and 
Mathers” produced definite clinical mastitis 
with large numbers of streptococci, but it was 
acute and of short duration. In some cases, 
the infection disappeared, whereas others de- 
veloped chronic, recurrent mastitis some weeks 
later. 

Garrison and Turner” demonstrated that 
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foreign material of any kind injected into the 
duct system via the teat cana) caused a marked 
inflammatory reaction. Milk taken from a 
single quarter has caused a reaction when 
reinjected into the same quarter. Thus, the 
udder is highly susceptible to appreciable 
amounts of materia] injected into the duct 
system. Therefore, an inflaramatory response 
following injection of many streptococci would 
be expected. Carpenter’ found about the same 
number of cases of clinical mastitis in animals 
previously vaccinated with cultures of alpha 
Streptococcus as in uninoculated controls. How- 
ever, it is of interest that bacteriologic study 
showed many more udder infections in vacci- 
nated than in control animals. Although his 
results do not permit one to draw definite 
conclusions, it seems likely that the subcu- 
taneous inoculation with a live culture ren- 
dered the cows more susceptible to subsequent 
streptococcic infections of the udder. 

In a study on the structure of the teat in 
relation to mastitis, Johnston” suggested that 
repeated slight infections caused a roughening 
of the inner surface of the ducts which made 
it possible for organisms to persist because 
of interference with the normal washing action 
of the outflow of milk. 

In serologic studies, Jones” mentioned a 
case which developed agglutinins for strepto- 
cocci with a titer of 1 : 500 about fifteen days 
after a severe attack of clinical mastitis. By 
repeated parenteral injections of streptococci, 
he obtained in this animal an agglutinating 
serum with a titer of 1 : 20,000. Leshbouyries 
and Adam” found specific agglutinins in the 
serums of cows with streptococcic mastitis and 
recommended serum agglutination as a diag- 
nostic test. These findings have not been con- 
firmed and such tests have not been used. 
Smith, Orcutt, and Little” showed that the 
udder produced specific agglutinating anti- 
bodies for Brucella abortus when a killed sus- 
pension of the organism was repeatedly in- 
jected into that organ. In some instances, the 
inflammatory response was greater after a 
second than after the first injection. They 
believed that antibodies are produced in the 
udder tissue. This process might be important 
in the production of antibodies against Str. 
agalactia because the organisms have not 
been demonstrated in the blood or regional 
lymph nodes. 
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Steck” reported that an infection in one 
quarter could mitigate a new infection in an 
adjacent quarter. Ernst’ wrote that experi- 
mentally produced streptococcic mastitis was 
not influenced by earlier natural infections of 
other quarters. These are in 
opposition to the sensitivity p stulate of Jones 
and Little. 

Rich,” Opie,” Scherago,” and Scherp™ have 
contributed reviews of allergy in relation to 
infectious disease. Scherp described the two 
types of allergy in this category, the anaphy- 
lactic or Arthus type, and the tuberculin type 
or bacterial allergy. He contends that the 
anaphylactic type 1s characterized by circu- 
lating antibodies and is due primarily to an 
immediate vascular reaction resulting from 
changes in smooth le and endothelium. 
In contrast, the tuberculin type of allergy is 
characterized by a delayed inflammatory swell- 
ing in the skin following the introduction of 
antigen. He writes that circulating antibodies 
are not a significant feature of the tuberculin 
type of allergy but that they can be demon- 
strated by the delicate collodion technique of 
Cannen and Marshall.” The tuberculin type 
of allergy can be passively transferred only 
with difficulty, whereas anaphylactic allergy 
is readily transferable. The washed cells of 
animals with the tuberculin type of allergy 
are killed in vitro by specific antigen, whereas 
the washed cells of animals with the anaphy- 
lactic type of allergy are not affected by anti- 


observations 


gen. 
Urbach” that the basic cause of 
allergy is that it is due to an 
antigen-antibody in the cells or 
Regarding its cause, two theories are 
namely, the chemical theory in 
material, such as histamine, 18 
formed by the tissues; this material then pro- 
duces the vascular and cellular changes; and 
the physical theory which involves an antigen 
reacticn on the surface of cells with resulting 
physico-chemical change within the cells 
changes which occur during allergic 
inflammation have considered by most 
workers to be similar to any other inflamma- 
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Hypersensitivity has been observed in strep- 
tococcic infections of man and animals other 
In chronic streptococeic lympha 
denitis of guinea pigs, Moen” was able t« 
detect infected animals by a skin test with 
an antigen prepared from lyophilized ground 
bacterial cells. Experimental streptococcic 
fections in rabbits have been studied exten- 
sively in relation to hypersensitivity. McEwen 
and Swift™ immunized rabbits with intact 
streptococcic cells found that the intra- 
dermal injection of antigens produced a de- 
layed or tuberculin type of skin reaction but 
that the reacted with an immediate 
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animals 
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or anaphylactic type of response to intra- 
dermal injection of streptococcic carbohydrate. 
It has been shown” that intravenous injections 
of heat-killed cells resulted in 
immunity with little sensitization. Subsequent- 
ly, the intravenously immunized rabbits could 
be made skin sensitive by repeated intradermal) 
injection of heat-killed bacterial cells. 

In studies on the production of experimental 
streptococcic arthritis in rabbits, the effect 
of a generalized reaction as compared to a 
local hypersensitivity was demonstrated.” 
Animals were given killed hemolytic strepto 
cocci either intradermally or intravenously. 
In the former group, a marked cutaneous sen- 
sitivity developed while, in the latter group, 
skin tests gave a slight or negative reaction. 
Subsequent intravenous injection of living 
hemolytic streptococci resulted in the develop- 
ment of arthritis more frequently in rabbits 
which had been immunized by the intravenous 
route than in the intradermally immunized or 
control rabbits 

Other bacterial diseases in which hyper- 
sensitivity occurs are tuberculosis, brucel- 
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losis, tularemia, glanders, gonorrhea, per- 
tussis, chancroid, Johne’s disease, pullerum 
disease, and pseudotuberculosis of sheep. 
This list would be increased considerably 
if diseases caused by fungi and parasites 
were included. 

These reports of hypersensitivity in rela- 


tion to infectious diseases indicate that it is 
a broad biologic phenomenon which may 
affect the implantation of pathogenic organ- 
isms, their spread and persistence in tissue, 
and the tissue changes during the course of 
an infectious disease. 

Further information was needed to deter- 
mine the occurrence of streptococcic hyper- 
sensitivity in dairy cows and its relation- 
ship to clinical mastitis. Rabbits and guinea 
pigs were utilized for certain experiments 
because adequate numbers of cows were 
not available. In field studies, cattle were 
tested to determine whether they were 
hypersensitive to Str. agalactia and also to 
determine whether hypersensitivity is im- 
portant in the pat hogenesis of streptococcic 
mastitis. The presence or absence and the 
degree of hypersensitivity was established 
by intradermal and intramammary injec- 
tion of streptococcic antigens into infected 
and normal cows 


Part |—Studies on Cattle 


METHODS 
Bacteriologi 
were 


techniques and diagnostic pro- 


cedures similar to these described pre- 
viously. 
Preparation of Antigens Initially, eight 


cultures of Str. agalactia were obtained from 
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cases of bovine streptococcic mastitis and 
separate antigens prepared, Since no signifi 
cant difference was noted in the skin reactions 
elicited with the various antigens, one culture 
(1723) was used exclusively in later exper- 
ments. Bacterial cells of this culture were 
mixed in sterile milk, lyophilized in small vials, 
and stored at 4 C. Several different mediums 
were utilized for production of experimental 
antigens. Tryptose-phosphate broth” was 
selected as the most satisfactory growth me- 
dium. 

Concentration of the streptococcic cells was 
necessary. Whole broth cultures were concen- 
trated by centrifugation and reconstituted to 
the desired strength. Antigens were standard- 
ized with the Evelyn colorimeter (using a 660 
filter) to give 20 per transmission of 
light. Antigens were inactivated by the addi- 
tion of 0.2 per cent formalin. The formolized 
cultures were kept for twenty-four hours at 
87 C. and then at 3 to 5 C. They were tested 
for sterility. 

In addition, group B polysaccharide was 
used for skin-testing cattle. This was prepared 
from 2-liter batches of tryptose-phosphate 
broth cultures according to Lancefields’ acid- 
hydrolysis method.” The group B polysac- 
charide and whole formolized cultures were 
also used in precipitin and agglutination tests 
of infected and normal cattle 

Source 


cent 


of Animals and Techniques of In- 

Cattle in the dairy herd of the 
University of Wisconsin and in farm herds in 
the vicinity of Madison, Wis., were tested 
for cutaneous hypersensitivity. The presence 
of a streptococcie infection was established by 
the enrichment methods previously described. 
The degree of inflammation was determined 
by the pH, strip cup, and cell counts of the 
milk. 

Several cows were injected intracutaneously 
at the following sites: the caudal fold at the 
base of the tail, the vulvar fold at the junction 
of the skin and mucous membrane, the con- 
junctival sac, the posterior and lateral sides 
of the udder, the ventral abdominal wall, the 
dorsal region of the rump, and the lateral side 
of the neck. Of these, the caudal fold was 
selected as most satisfactory. 

The volume of antigen injected was 0.1 ml. 
Measurements were made at intervals after 
injection. to determine the size of swelling 
Two dimensions, the thickness and diameter 
of the swelling, were utilized. The swelling 
was measured in two perpendicular directions 
and the average considered as the diameter. 
The thickness was determined by first pinching 
a fold of skin in the 
area of swelling and measuring the thickhess 
across the fold. Then, a fold of adjacent nor- 
mal skin was also measured and the thickness 
of the swelling was calculated as one-half the 
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difference between the thickness of the two 
folds. The volume of the swelling was cal- 
culated according to the formula for deter- 
mining the volume of a cone: V 1.047 rh; 
where V volume of cone, 1 radius of cone; 
h — the height of the cone (thickness). 

When the techniques of testing for hyper- 
sensitivity had been established by repeated 
experiments, a standard method of testing was 
used on 42 cows in three herds for a compari- 
son of the reaction with the presence and 
degree of infection. In these tests, 0.1 mil. of 
the concentrated whole culture was injected 
into the caudal fold and the size of the reac- 
tion determined after forty-eight hours, At 
the same time, milk samples were collected for 
cultural and cytologic studies to determine the 
presence and severity of streptococcic mastitis. 
Blood samples were collected and tested for 
the presence of serum agglutinins. 

Intramammary Injection of Antigens.—Two 
experimental cows infected with Str. agalactia 
were found to be hypersensitive to tntracu- 
taneous injection of the whole culture and 
polysaccharide antigens The infection was 
eliminated from three quarters of 1 and from 
two quarters of the other by sulfonamides 
Three quarters of the first and one quartet of 
the second began to produce normal milk and 
were used for infusion of the antigens by way 
of the mammary gland, A normal lactating 
cow which was not hypersensitive to dermal 
inoculation was also infused 

After injection, the quarters were examined 
by palpation, and milk samples, collected at 
intervals, were tested for catalase, chlorides, 
and number of cells to determine the severity 
and persistence of the inflammatory reaction 

Precipitin tests were done with extracts of 
group B streptococci, according to the method 
of Lancefield.” Agglutination tests were made 
with the concentrated whole broth culture, 


RESULTS 


The reaction after intradermal injection 
of antigens was found to vary progressively 
with advancing time. Within ten to fifteen 
minutes after intradermal injections of con- 
centrated whole culture antigens, a soft 
edematous swelling appeared in both the 
control animals and cows with streptococcic 
mastitis. This swelling was partially non- 
specific but was smaller in control animals. 
Within five te eight hours following injec- 
tion, the reaction had partially subsided in 
the normal animals, but persisted and be- 
came even larger in cows with streptocoecic 
mastitis. The maximum reaction in infected 
animals was observed at about six to eight 
hours. This corresponded to an immediate 
or Arthus type of reaction. 

Within twenty-four hours, the swelling 
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was somewhat reduced in size and changed 
in consistency to a firm, rounded nodule. In 
control animals, only a slight induration of 
the skin was observed. In cows with strep- 
tococcic mastitis, the swelling persisted at 
nearly the same size during the second 
24-hour period. From the forty-eighth to 
the seventy-second hour, the swelling be- 
came smaller and usually disappeared in 
four to six days. Occasionally, a smal! 
central area of necrosis occurred at the site 
of injection and persisted for one to two 
weeks, with eventual sloughing and forma- 
tion of a small ulcer. The size of the reac- 
tion at various intervals after injection of 
whole culture antigen is portrayed in 
graph 1. 


\ 
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Graph |—Intradermal swelling in cows infected with 
streptococci (2, 3) and in control animals (WB, BB. 
35) given 0.1 ml. of whole culture antigen. 


The polysaccharide fraction from Str. 
agalacti# produced the same soft edematous 
early dermal reaction as did the whole ecul- 
ture antigens. It resulted in only a slight 
or imperceptible swelling after twenty-four 
hours. The size of the swelling from the 
polysaccharide antigen is portrayed in 
graph 2. 

Correlation of Clinical Status and Hyper- 
sensifivity.-The relationship of strepto- 
coccic hypersensitivity to the presence of 
an infection and clinical mastitis is indi- 
cated in table 1. This table shows a definite 
correlation between the presence of a strep- 
tococeic infection and hypersensitivity 
Nine control animals without infection had 
lesions that averaged only 6 cmm., whereas 
33 infected animals had an average of 144 
emm. of swelling. All control cows showed 
only a slight reaction with a maximum size 
of 13 emm., while 27 out of 33 infected ani- 
mals showed a reaction of greater than 10 
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cmm. No correlation was noted between the 
extent of inflammation as indicated in the 
udder and the size of the dermal reaction. 
There was no evident relationship between 
the titer of serum agglutinins and the der- 
mal hypersensitivity or streptococcic infec- 
tion, 

Response to Intramammary Injection of 
Antigens. — The mammary glands of 2 
hypersensitive cows were infused with killed 
streptococci and responded with a rapid in- 
flammatory reaction characterized by swell- 
ing, tenderness, and abnormal milk. The 
episode resembled a clinical exacerbation of 
streptococcic mastitis, but was of relatively 
short duration. The control quarters in- 
jected with formolized broth showed a slight 
reaction, while the control quarter given 
10 ml. of distilled water showed no appre- 
ciable swelling. The two quarters injected 
with 5 and 10 mi., respectively, of killed 
culture were severelv affected, Five hours 
after injection, the .e enlarged, tender, 
and very firm. The reacti subsided yrad- 
ually over the next two days and, by 
seventy-two hours after injection, there was 
no appreciable swelling. Counts of the milk 
disclosed from 11 to 76 million cells per 
milliliter at five, twelve, twenty-four, and 
forty-eight hours after injection. Chlorides 
and catalase content were increased at five, 
twelve, and twenty-four hours but had be- 
gun to subside by forty-eight hours. 

The quarters of hypersensitive cows in- 
jected with streptococcic polysaccharide 
also showed an inflammatory response. The 
quarters given 80 and 20 mg. were severely 
affected, while that given 8 mg. showed a 
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Graph 2—Intradermal swelling in infected cows (2, 3) 
and in control animals (WB, BB) given | mg. of group 
B polysaccharide. 


moderate reaction. The quarter given 2 mg. 
showed a mild reaction which was slightly 
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greater than in the control quarter given 
10 mi. of distilled water. Cell counts and 
chloride and catalase content increased in 
approximately the same proportion as in the 
quarters injected with the whole culture 
antigen, Three quarters of a normal cow 
infused with 8, 20, or 80 mg. of crude poly- 
saccharide had a mild reaction, similar in 
severity to the fourth quarter given 10 ml. 
of distilled water. 


Part 2—Streptococcic Hypersensitivity in 
Rabbits and Guinea Pigs 


Experimental studies were made to deter- 
mine whether mastitis could be produced in 
normal, intravenously and intracutaneously 
injected rabbits and guinea pigs, by subse- 
quent injection of antigens via their milk 
ducts. The methods used were similar to 
those previously reported by one of us*? in 
a study on experimental arthritis. 

Immunization and Production of Hyper- 
sensitivity.—The antigen was the same as 
used in skin-testing cattle. Virgin, female 
white rabbits, weighing from 2.5 to 3 kg. 
were used. One group was prepared by re- 
peated intravenous injections of 1 ml. of a 
1:4 dilution of the antigen. The rabbits 
were injected daily for six days, allowed to 
rest for seven days, and the injections were 
repeated until a total of 24 injections had 
been administered. Another group of rab- 
bits received repeated intracutaneous in- 
jections of antigen. They were given 0.1 ml. 
per dose, with the same schedule of injec- 
tion as for the rabbits inoculated intra- 
venously. Uninoculated rabbits from the 
same stock were employed as controls. 

During the week of injection, the rabbits 
were placed with a male and the dates of 
coitus recorded. Breeding was continued 
for several months until all the rabbits were 
either pregnant or considered sterile. Four 
days after parturition, the young were re- 
moved from the mother and the mammary 
glands of the adults were inoculated with 
various amounts of antigen via the teat 
ducts. A 27-gauge needle with a rounded 
tip was used for inoculation. In most of 
the rabbits, six or seven mammary glands 
were in active lactation. Some of these were 
infused with formolized saline (0.2% for- 
malin) as controls and others were infused 
with 1:5 and 1:10 dilutions of the anti- 
gen. A single gland was left uninoculated 
as a control. After twenty-four or forty- 
eight hours, the rabbits were killed and the 
glands examined for gross inflammatory 
alterations. Portions of each gland were 
fixed in Zenker’s solution and studied histo- 
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logically to determine the severity and ex- 
tent of lesions. 


RESULTS 


Observations were made on the inflamma- 
tory reactions in the mammary glands and 
the serum antibodies of animals injected 
intravenously and intracutaneously 

Inflammatory Reactions in Mammary 
Glands.—One rabbit in each group was 
killed twenty-four hours after injection of 
the antigen and the reaction compared with 
that of animals killed after forty-eight 
hours. The reaction was somewhat more 
severe after forty-eight hours, so that, sub- 
sequently, rabbits were examined at this 
time interval 

The injected mammary glands were 
larger, firmer in consistency, and a darker 


TABLE |—The Relationship of the Presence and Severity 
of Streptococcic Infection to the Volume of Swelling 
from intradermal! Injection of a Streptococcic Antigen 


Infect 
wi Leucocyte Average 
No. Streptoce eunt per volutne 
cows adalacttas « of milk of ewelling 
a0 over 1.000, 000 152 
under 1000 000 41 
under 1.090.000 4 


red than uninjected glands. Microscopically, 
there were many pseudoeosinophils in the 
alveolar lumens and in the interstitial con- 
nective tissue. Congestion and interstitial 
edema were sometimes observed. Large 
numbers of organisms were observed in the 
milk channels of glands injected with the 
antigen. Since injection of a single duct 
distributed the antigen to about one sixth 
of each gland, it was noted that inflamma- 
tion occurred in one area of the gland and 
many other areas appeared normal. 

The degree of inflammation was deter- 
mined by the severity of the gross and 
microscopic lesions, The glands were graded 
into degrees of severity of inflammation; 
namely, marked, moderate, slight, and none. 
The number of glands in each degree result- 
ing from the antigen is given in table 2. 
Of 20 glands of intravenously injected rab- 
bits, 14 had a moderate or severe inflam- 
matory response, while only one of 12 glands 
from normal animals showed a similar re- 
sponse. Six of 12 glands from intracutane- 
ously injected animals had a moderate or 
severe inflammatory reaction, 

An experiment with guinea pigs was con- 
ducted in the same manner as described 
above for rabbits. The results were incon- 
clusive because the mammary glands of 
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normal guinea pigs reacted to the antigen 
with a moderate or marked inflammation. 
Serologic Reactions in Experimental Ani- 
mals.-The serums of all but 1 of the intra- 
venously injected rabbits contained precip- 
tins and 4 reacted in a 1 : 10 dilution of the 
polysaccharide antigen. Serums from 2 of 
4 sensitized rabbits also showed an undi- 
luted serum-precipitin reaction, but no reac- 
tion was found in the serums of 4 normal 
control rabbits. The titers were so low that 
no attempt was made to correlate the in- 
flammatory reaction in the mammary glands 
with the amount of circulating precipitins. 


DISCUSSION 


The evidence presented here on bovine 
hypersensitivity indicates that probably it 
is significant in the pathogenesis of masti- 
tis. The dermal reactions were irregular 
and some cows with definite streptococcic 
mastitis failed to react. This irregularity, 
however, is not unusual since the degree of 
hypersensitivity is known to fluctuate in 
tuberculosis and other diseases. The dermal 
reactions were probably too irregular to 
make them of value in diagnosis of the dis- 
ease unless it is possible to develop im- 
proved methods. 

The imperfect correlation between hyper- 
sensitivity and the presence of streptococcic 
infection may be due, in part, to the crude- 
ness of the antigen employed. Nonspecific 
irritating action of the antigen limited the 
concentration which could be used. Even the 
partially purified polysaccharide fraction of 


TABLE 2—The Degree of Inflammatory Reaction in 
Lactating Mammary Glands of intravenously Injected 
Intracutaneously Sensitizad, and Normal Rabbits Fol 
lowing Subsequent Intrarnammary Infusion of the Same 
Streptococcic Antigen Used for Parenteral Injection 


Group of rabbits 


Intravenourt!y 


Intracutanes 
infected 


Marked 


group B Streptococcus resulted in some local 
swelling in normal animals. 

Preparation of antigens from synthetic 
mediums might eliminate some of the non- 


specific irritating action, Further fraction- 
ation of the organisms might also result in 
more specific antigens. There are certainly 
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antigenic differences among strains of Str. 
agalacti#, even though no strain differences 
were observed in this work. 

The occurrence of an immediate dermal 
reaction from the polysaccharide and both 
an immediate and a delayed reaction from 
the whole culture antigen suggests there 
are at least two specific antigenic compo- 
nents in the streptococci to which cows may 
react. It is possible, however, that the poly- 
saccharide is the only antigenic material 
producing hypersensitivity, and that it may 
act as a hapten in sensitization. The occur- 
rence of the delayed dermal reaction in this 
hypothesis could be due to a slow release of 
the polysaccharide from the intact organ- 
isms. 

The reaction in bovine mammary glands 
following local infusion of the antigens re- 
sembled the immediate skin reaction, in that 
they were most severe at about six hours 
following injection. Many more trials would 
be necessary to establish the specificity of 
the intramammary reaction. In the mam- 
mary gland, the antigen would be rapidly 
diluted and eliminated by constant produc- 
tion of milk so that the reaction would 
promptly diminish. There was no decrease 
in the size or intensity of reaction in the 
mammary glands of immune rabbits dur- 
ing a period of forty-eight hours. No milk 
was removed from these anim. ls during the 
test period. 

The experiment with rabbits demonstra- 
ted that parenteral exposure to Str. agalac- 
tiw induced a state of increased reactivity 
of the mammary glands. In this state, the 
intramammary injection of antigen resulted 
in a heightened inflammatory response com- 
pared to that of normal rabbits. The phe- 
nomenon of increased local reactivity fol- 
lowing immunization is, in this case, an 
undesirable side reaction to the generally 
beneficial phenomenon of immunity. 

The importance of hypersensitivity to 
bovine streptococcic mastitis is supported 
by the results in rabbits. Hypersensitivity 
to streptococci is not necessary for the pro- 
duction of an udder infection, although the 
hypersensitive state may aid the organisms 
in establishing themselves in the ducts a 
few weeks after the initial infection. Once 
the infection is well established, the hyper- 
sensitivity of the gland may be an impor- 
tant factor in determining the extent, sever- 
itv, and character of the disease. The 
recurrent nature of clinical streptococcic 
mastitis can be explained by the variations 
in the deyree of hypersensitivity from time 
to time. 

The reactions of the bovine mammary 
glands to the cellular antigen or polysac- 
charide are further evidence of the impor- 
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tance of hypersensitivity. The small amount 
of polysaccharide (8 mg.) necessary for a 
moderate inflammatory response indicates a 
high degree of susceptibility of the gland. 
The work of Garrison and Turner'® demon- 
strated that the bovine mammary gland was 
in a delicate state of balance and foreign 
materials of any kind could result in an in- 
flammatory reaction. This high suscepti- 
bility of the bovine mammary gland resem- 
bles the findings obtained here with guinea 
pigs. In these animals, the normal mammary 
gland was so susceptible that small amounts 
of antigen produced a moderate-to-marked 
response. This is in contrast to the response 
of glands of normal rabbits which were 
relatively insusceptible to antigen or for- 
molized saline. 

The lesions in streptococcic mastitis are 
consistent with the hypothesis that hyper- 
sensitivity plays a part in the pathogenesis 
of the disease. The occurrence of marked 
inflammation from relatively small numbers 
of organisms supports that hypothesis. 


SUMMARY 

Cows infected with Streptococcus agalac- 
ti# responded to intradermal injection of a 
streptococcic antigen with larger and more 
persistent swellings than did normal ani- 
mals. The intradermal reaction was greater 
in infected animals with clinical evidence 
of mastitis than in those without such clini- 
cal manifestations. Two previously infected 
animals showed a more severe inflammatory 
response to the intramammary injection of 
streptococcic antigens than did 1 normal 
unimal. 

Rabbits repeatedly injected intravenously 
or intracutaneously with Str. agalactix 
showed an exaggerated inflammatory re- 
sponse when compared to controls following 
subsequent intramammary injection of the 
antigen. The studies on cattle also indi- 
cated that hypersensitivity of the bovine 
mammary gland is probably a factor in the 
pathogenesis of streptococcic mastitis. 
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Eperythrozoon Suis, the Etiologic Agent of Ictero-Anemia 
or an Anaplasmosis-like Disease in Swine 


EARL J. SPLITTER, D.V.M. 


Manhattan, Kansas 


SPLITTER AND WILLIAMSON! recently have 
reported observations on a blood parasite of 
the genus Eperythrozoon found associated 
with the disease entity of swine known as 
“ictero-anemia” or “anaplasmosis-like dis- 
ease.”” The course of parasitic infection and 
the resulting disease process in field cases 
were found to be identical to that of acute, 
experimental cattle 
and sheep. Splitter® has identified this par- 
asite as Eperythrozoon suis, Acute eperyth- 
rozoénosis in swine has been diagnosed in 
nine herd outbreaks, six of which occurred 
in lowa and three in Kansas. The symptoms 
and postmortem lesions have been identical 
to the anaplasmosis-like disease of swine. 
In experimental cases, specific therapy has 
been obtained with neoarsphenamine.* 


eperythrozoénosis of 


LITERATURE 


Various investigators in the past have re- 
ported the presence of what appeared to be 
hemotropic microorganisms associated with an 
ictero-anemic condition of swine. Kinsley‘ ob- 
served a spherical body in the erythrocytes 
that resembled Auaplasma. Doyle’ and Dicke*® 
apparently observed eperythrozoa associated 
with ictero-anemia of swine. Their descrip- 
tions correspond very closely to that of E. 
suis.” Robb’ observed similar structures asso- 
ciated with ictero-anemia and also in normal 
He concluded that the structures were 
actually artifacts having no connection with 
this disease. Doyle’ later stated that the red 
cell inclusions in typical ictero-anemia are 
more suggestive of Bartonella than they are of 
Anaplasma. Quin® believed the disease to be 
transmitted by vectors, and the causal agent to 
be a Piroplasma or Anaplasma. Kinsley and 
Ray,” Robb,’ and Dykstra ef al.’ reported fail- 


swine, 


ure in attempts to transmit the disease to nor- 
In a recent survey, ten states re- 


disease, four of 


mal swine. 
ported occurrences of this 
which were diagnosed in 1948. Breed” de- 
scribes an ictero-anemic condition in young 
pigs, which he has attributed to improper nu- 
trition. He states that the blood cells contain 
many bodies which may be mistaken for blood 
parasites, 


EXPERIMENTAL PROCEDURE 

made to reproduce acute 
(ictero-anemia) in swine 
in order to es- 


Attempts 
eperythrozoénosis 
under experimental conditions, 
tablish conclusive proof of the etiology of the 
disease, and to study the resulting disease 
process and methods of treatment in detail. 

Preliminary observations suggested that the 
possibility of producing acute experimental 
eperythrozodnosis in normal swine is quite re- 
mote, since it was indicated that a majority 
of swine pass through mild infections with no 
ill effects. This also is borne out by the failure 
of various investigators to reproduce the dis- 


were 


ease in normal swine 

It is known in connection with various blood 
parasitic diseases, including the genus 
Eperythrozoon, that the removal of the spleen 
increases the animal's susceptibility to the dis- 
Splenectomized swine were, therefore, 
used to study experimentally the effects of 
severe infections of E. suis. It was found that 
by this parasitic infections 
could be obtained equaling those that pre- 
viously had been observed only in field cases, 

Ten pigs, varying in weight from 45 to 125 
Ib., were used in these experiments. Four were 
known to be carriers of FE. suis prior to splen- 
ectomy; 1 (pig 1, cholera immune) had re- 
covered from a natural field infection of acute 
eperythrozoénosis; 2 (cholera susceptible) 
were injected with blood from this pig and de- 
veloped a mild EF. suis infection; a third pig 
(cholera susceptible) was found to be harbor- 
suis derived from an apparently natural 
source, All 4 pigs developed acute eperyth- 
rozodnosis following splenectomy. Six pigs 
(cholera immune) of unknown carrier status 
were held in screened, fly-proof stalls, at a 
distance of about 50 yd. from known infected 
animals. It was demonstrated, in these ani- 
removal of the spleen alone 
clinical symptoms. 


ease. * 


method intense 


ing EF. 


mals, that the 
resulted in no anemia or 
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Five of these pigs were negative for E. suis 
following splenectomy, and remained normal 
for at least thirty days. One anima! remained 
normal until experimentally infected with E. 
suis eighty-two days after being splenec- 
tomized. 

Experimental transmission of the infectious 
agent was accomplished in the susceptible pigs 
by intravenous injection of citrated carrier 
blood, pig 1 (recovered field case) serving as 
the latent carrier of E. suis. A standard inocu- 
lating dose of 4 cc. of blood was used. Stained 
blood film examinations were made and tem- 
peratures taken at 48-hour intervals following 
splenectomy to establish the presence or ab- 
sence of latent infection. The same observa- 
tions were made daily following inoculation 
of susceptible pigs in order to determine more 
accurately the period of incubation. Labora- 
tory determination of blood values was begun 
in each case upon the first observation of 
eperythrozoa and continued daily throughout 
the course of the disease. 


MATERIALS AND METHODS 


Daily blood samples for laboratory exami- 
nation were obtained from the anterior vena 
cava. Blood films were prepared immediately 
upon drawing blood. Erythrocyte and leu- 
cocyte counts, hemoglobin determinations, and 
packed erythrocyte volumes were determined 
daily. 

In acutely affected animals, pipettes for 
erythrocytic counts were prepared at the time 
of obtaining blood, to insure greater accuracy 
of results. In these animals, a marked ag- 
glutination of erythrocytes occurred in citrated 
or oxalated blood, and prevented accurate 
enumeration in samples so treated. Blood 
counts were determined with the improved 
Neubauer hemacytometer. Hemoglobin values 
were determined with a photoelectric color- 
imeter. Packed erythrocyte volume and blood 
sedimentation were determined by the use of 
Wintrobe hematocrit tubes. The icteric index 
was determined by visual comparison with 
known standards. Blood films were stained 
with Giemsa stain. Individual sterile needles 
were used in obtaining blood samples to pre- 
vent accidental transmission of Eperythrozoon. 

The degree of infection, as enumerated in 
this paper, varies from “rare” to “extremely 
numerous.” This arbitrary method of designa- 
tion is the same as used in a previous paper. 


PATHOGENESIS AND SYMPTOMS 


Splenectomized pigs heavily infected with 
Eperythrozoom parvum? have evidenced no 
temperature rise or other visible symptoms. 


A mild reduction in blood count (2 million 
cells per cmm.) with regenerative blood 
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changes was observed in 2 pigs, while the 
blood values remained unchanged in 3 
others. It has appeared that this organism 
is relatively nonpathogenic, 

A serious or fatal ictero-anemia has re- 
sulted in all experimental pigs in which 
initial parasitic attacks of FE. suis have been 
allowed to proceed without treatment. Par- 
asites have been demonstrated in blood 
films from two to five days following inocu- 
lation of susceptible animals or splenectomy 
of known carriers. A very rapid rate of 
multiplication has been observed in most 
cases, 

The time from experimental inoculation 
or relapse from splenectomy to the first ap- 
pearance of clinical symptoms has varied 
from six to ten days. Increased tempera- 
tures to 104.0 or 107.0 F. are observed 
when the parasites become numerous, and 
continue until the organisms spontaneously 
reduce in numbers or death ensues, Clin- 
ical symptoms become evident on the second 
or third day in which the parasites have 
been very numerous, Fever, depression, and 
inappetence are the early symptoms asso- 
ciated with intense parasitic infections. 

Blood values begin to fall at this point, 
and normoblasts appear in stained films, 
Red cell counts may drop 1 or 2 million 
cells per cubic millimeter a day. A spon- 
taneous reduction in the number of para- 
sites usually occurs during the development 
of acute anemia, and a corresponding de- 
cline in temperature to normal or subnor- 
mal occurs. The animal is weak and gaunt, 
and exhibits symptoms of dyspnea on forced 
exercise, constipation with bile-stained 
feces, and anemic, icteric, mucous mem- 
branes. 

Erythrocyte counts reach a low of from 
1 to 2 million cells per cubic millimeter. A 
low count of 685,000 was observed in 1 ani- 
mal immediately prior to death. Hemo- 
globin values reduce to a minimum of 2 to 
4 Gm. per 100 cc. of blood, and packed 
erythrocyte volumes fall to 4 or 7 per cent. 
An icteric index of from 18 to 25 is ob- 
served during acute blood destruction. 
White cell counts have usually remained 
unchanged, however a marked leucocytosis 
was observed in several Immature 
erythrocytes appear in increasing numbers 
as the anemia develops and are most nu- 
merous during the period of convalescence. 

Spontaneous agglutination of the eryth- 
rocytes®.’ has been noted in all experimental 
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cases, and usually has been associated with 
the period of acute anemia. At this time, 
blood-sedimentation rates are extremely 
rapid. Sedimentation of 75 mm. in one min- 
ute complete to &5 mm. in five minutes has 
been observed. 

attacks may occur in 
with each attack re- 


Repeated parasitic 
splenectomized pigs, 


peating the course of the disease as de- 


scribed above. After the second or third 
attack, the parasitic invasions have been 
usually of shorter duration and of less in- 
tensity. The corresponding symptoms and 
blood damage also have decreased. In these 
experiments, 4 animals died of acute ep- 
erythrozoénosis. Death occurred in from 
one to five days following the appearance 
of clinical symptoms. Two animals died in 
initial, untreated parasitic attacks; 1 ani- 
mal died in the second attack, the first being 
successfully treated; and 1 died in the 
fourth parasitic recrudescence, the three 
previous attacks being controlled by treat- 
ment. A total of 35 parasitic attacks of 
E. suis have been studied. 

Recovered animals probably remain per- 
manent carriers. Pig 1, which had recov- 
ered from a natural field infection, was 
proved by subinoculations and finally by 
splenectomy to have retained the organisms 
a period of three months. Blood examina- 
tions during the two-month period prior to 
splenectomy were negative. There has been 
no conclusive evidence as yet to indicate 
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relapses 


that acute, spontaneous parasitic 
oecur in unoperated animals. 


Morgip ANATOMY 


The lesions observed in all 4 experimental 
cases that succumbed to acute eperythro- 
zoonosis were identical to those described in 
field cases of 
Generalized icterus was present throughout 
the body fat and tissues. The blood ap- 
peared thin and watery. The liver was 
yellowish brown, and the gall bladder con- 
tained a thick, gelatinous bile. The heart 
and kidneys were pale and flabby. A few 
petechiae were usually present on the mu- 
cosal surface of the bladder. The gastro- 
intestinal contents were deeply stained 
throughout with a yellowish orange bile. 
Hydropericardium and ascites were ob- 
served in 2 pigs, the fluid being clear and 
yellow. Splenic lesions were, of course, not 
observed in these studies. Bacterial exam- 
inations of tissue were negative. 

Microscopically, the principal changes 
were observed in the liver. The severity of 
the lesions varied from mildly retrogressive 
changes to a marked atrophy and necrosis 
of the central hepatic cells. Varying 
amounts of hemosiderin and some lympho- 
cytic infiltration were present in all. Paren- 
chymatous and fatty degenerative changes 
of the hepatic cells were present in all. Two 
field cases examined also showed a severe 
central necrosis. Spencer'® describes simi- 


TABLE |—The Course of Acute Eperythrozodnosis in a Susceptible, Splenectomized Pig 
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lar microscopic lesions observed in field 
cases of ictero-anemia. The kidneys showed 
relatively little change other than paren- 
chymatous degeneration. No significant 
microscopic lesions were observed in any of 
the other tissues examined. Eperythrozoon 
could not be distinguished in tissue sections 
prepared with either hematoxylin-eosin or 
Giemsa stains. 


PREVALENCE, TRANSMISSION, AND 
RELATION TO HOG CHOLERA 

The observation was made in a previous 
paper! that Eperythrozoon infection in 
swine is probably quite common. Additional 
opportunities were afforded in these ex- 
perimental studies to determine the prev- 
alence of the parasite in this locality. 

Six of the experimental pigs obtained 
from a single herd had been exposed to sows 
and older pigs in the herd from June to 
August. As shown by splenectomy, 4 were 
carriers of E. parvum, 1 a carrier of both 
E. parvum and E. suis, and 1 pig was neg- 
ative. The known susceptible pig was in- 
fected with both species following inocula- 
tion of pooled blood obtained from 5 pigs 
selected at random at a local livestock sales 
pavilion. These 5 pigs represented five sep- 
arate herds. The animals varied from 40 to 
200 ib. in weight. 

Relatively little information is available 
as to the exact modes of transmission of 
this parasite. Eliot'® succeeded in trans- 
mitting Eperythrozoon coccoides with the 
louse, Polyplar serrata. Jensen'’ and Split- 
ter'® have observed rapid transmission of 
Eperythrozoon wenyori when susceptible 
calves are exposed to carriers in the pres- 
ence of large numbers of biting flies. Trans- 
mission in swine is, in all probability, 
effected by biting arthropods. This is in- 
dicated also by the seasonal occurrence of 
the majority of cases of ictero-anemia in 
swine. 

Several investigators’ have noted that 
a rather significant number of cases of ic- 
tero-anemia follow in two to six weeks after 
herd serum and virus vaccination for hog 
cholera. An experiment was conducted to 
determine the possible transmission of E. 
suis in hog cholera virus. Blood heavily in- 
fected with the parasite was defibrinated 
and phenolized to contain 0.5 per cent 
phenol. A phenol solution standardized by 
the BAI to a content of 5 per cent was 
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used in securing the proper dilution. The 
treated blood was held at a temperature of 
37 F. for fifteen days, 4 cc. were then in- 
jected intravenously into a _ susceptible, 
splenectomized pig. The pig remained neg- 
ative for thirty days, and then was infected 
with virulent carrier blood. 

From this experiment, it appears unlikely 
that Eperythrozoon transmission occurs 
through the use of phenolized virus blood. 
Mechanical transmission from carrier to 
susceptible pigs may, presumably, occur by 
means of vaccination needles used in serum 
and virus injections. It would appear, how- 
ever, that most cases of postvaccinal ictero- 
anemia are the result of natural infection 
occurring coincidentally to the vaccination, 
rather than from mechanical infection at 
the time of immunization. This is indicated 
primarily by the occurrence of such cases 
only during seasons in which relatively 
rapid transmission is to be expected from 
insect vectors. The disease has not been 
reported following vaccination or other sur- 
gical procedures during the winter months. 
Lowered resistance of the animal during 
the hog cholera virus reaction’ possibly 
may allow the parasite to multiply to patho- 
genic numbers in many pigs naturally in- 
fected during this period. 

The effects of hog cholera virus reaction 
coincident to the fever and anemia of sub- 
clinical eperythrozoénosis are unknown. If 
“breaks” can occur under such conditions, 
in all probability they are confined, in most 
cases, to a relatively few animals in the 
herd. Campbell®® states that ictero-anemia 
may induce heavy losses when it accom- 
panies swine erysipelas or hog cholera. 


DISCUSSION 

The reproduction of the disease in ex- 
perimental swine by the inoculation of in- 
fectious material resulting in symptoms, a 
disease process, and pathology identical to 
field cases leads to the conclusion that the 
etiologic agent of ictero-anemia has been 
identified. From the observations made in 
these studies and information available con- 
cerning other species of Eperythrozoon, a 
number of puzzling aspects of the anaplas- 
mosis-like disease of swine are apparent. 

Eperythrozoon suis is a common blood 
parasite of swine. The majority of older 
animals, in all probability, are exposed and 
infected when young and remain perma- 
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nently immune, latent carriers. Clinical 
cases usually are diagnosed, therefore, only 
in young, susceptible swine whi h are ex- 
posed to infection from carriers. A strictly 
seasonal occurrence is indicative of insect 
transmission, as would be expected with the 
concerning the 
an insig- 


available information spe- 


cies. The clinical cases occur in 


Fig. | —Structures of Eperythrozoon suis situated 
supracellularly. 


nificant number of the animals actually in- 
fected. Depending upon the intensity and 
duration of the parasitic attack, clinical, 
subclinical, or no symptoms may appear. 
The majority of animals are capable of sup- 
pressing the multiplication of the parasite, 
and as a result, no blood damage or other 
ill effects are incurred. Because of this wide 
variation in severity, it would seem that 
the clinical condition occurs more commonly 
than generally recognized, particularly in 
cases in which bleod destruction has not 
been excessive and recovery 1s prompt Ex- 
perimental cases that undergo intense at- 
tacks of short duration develop symptoms 
lasting only a day or two during this par- 
ticular period. Immediate improvement ts 
evidenced upon reduction 
of the organisms, and the animals are eat- 
active during the mild anemic 


the spontaneous 


ing and 
stage 
The inability of previous investigators to 
establish the etiology of this disease may 
be attributed to a number of reasons. The 
failure to use splenectomized swine in 
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transmission attempts undoubtedly has been 
the primary reason. The failure to identify 
blood parasites observed in connection with 
the disease has been another. The charac- 
teristic reduction and disappearance of the 
parasite during the development of the 
acute anemic stage most certainly adds to 
the difficulty in diagnosis. Needless to say, 
good staining technique is essential for the 
observation of the parasites Heavy infec- 
tions may overlooked in slides 
stained in slightly excessive acid or alkaline 
solutions, or lightly stained with Wright's 
stain. 

Eperythrozoom suis is apparently the first 
species of this genus to be incriminated as 
producing a clinical disease entity in nat- 
urally infected animals under field condi- 
tions. The severity of the disease depends 


easily be 


Fig. 2—From the same film as figure |, showing forms of 
Eperythroroon suis removed extracellularly by the 
smearing technique. 


upon the number of parasites present in 
the blood and the duration of their pres- 
ence. However, these studies have not ex- 
plained why certain individual animals or 
groups of animals are unable to suppress 
the multiplication of the parasites, while 
the majority of animals successfully inhibit 
their growth. 

In general terms, the reason m 
vanced that certain individuals 
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lowered resistance to this parasite. There 
has been no evidence to indicate that the 
quantity of organisms introduced material- 
ly influences the severity of the disease, or 
that there is a noticeable difference in the 
virulence of strains of E. suis. The factors 
which operate to influence this susceptibil- 
ity are unknown. They may be inherent in 
certain individuals or derived from exter- 
nal sources. Harshfield'? has reported the 
observation that nutritional anemia in 
young pigs may be followed later by ictero- 
anemia. Additional investigations will be 
required to determine what factors are re- 
quired to predispose normal, susceptible 
swine to acute eperythrozodnosis, 

The question arises why acute eperythro- 
zoonosis has not been observed in field 
cases in cattle and sheep, since it is ap- 
parent that these animals commonly har- 
bor eperythrozoa. It has been demonstrated 
experimentally that Eperythrozoon ovis may 
produce an acute, febrile anemia in un- 
operated sheep.'’-*' Icterus has not been 
particularly prominent. It seems probable 
that acute field infections occasionally may 
be observed in individual sheep and the 
anemia attributed to gastrointestinal para- 
sites, improper nutrition, or other causes. 

There is no evidence to indicate that 
symptoms of acute eperythrozoénosis may 
be observed in normal, susceptible cattle. 
Neitz** and Splitter's observed mild para- 
sitic infections when susceptible, unoperated 
cattle were infected either experimentally 
or naturally with FE. wenyoni. Neitz** ob- 
served a mild anemia in 2 of 7 anatomically 
normal cattle undergoing Eperythrozoon in- 
fection. Acute parasitic infections in splen- 
ectomized calves may result in a moderate 
to severe 

In the author’s observations, F. suis, in 
heavy infections, has evidenced a much 
greater and a more constant ability to elicit 
clinical symptoms and severe blood damage 
than either E. ovis or FE. wenyoni. In 21 
acute parasitic attacks studied in splenec- 
tomized cattle, and four studied in unop- 
erated sheep, the 2 latter parasites have 
produced variable degrees of anemia, and 
clinical symptoms varying from none to se- 
vere. In the majority of cases, symptoms 
have been absent, and the anemia mild. On 
the other hand, equally intense infections 
of E. suis invariably have resulted in clin- 
ical symptoms and severe blood damage in 
untreated swine. It is the author’s opinion 
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that acute eperythrozoénosis is much more 
likely to be met in field cases in swine than 
in either sheep or cattle, because of the 
greater pathogenicity of EF. suis in heavy 
infections. 


SUMMARY 


1) A new species of a blood parasite, 
identified as Eperythrozoon suis, has been 
observed in nine field outbreaks of an acute 
ictero-anemic condition in swine. The dis- 
ease has been reproduced in susceptible 
splenectomized swine by the inoculation of 
infectious blood. The resulting symptoms, 
disease process, and pathology have been 
identical to field cases. 

2) A characteristic course of the disease 
has been noted in both field and experi- 
mental cases. This consists of a severe 
parasitic attack, in which symptoms of 
fever, depression, and anorexia are present. 
Severe and rapid blood destruction quickly 
follows, and the parasites spontaneously be- 
come reduced in numbers. The animal ex- 
hibits a lowered temperature, pale and 
icteric mucous membranes, marked weak- 
ness, and constipated, bile-stained feces at 
the onset of acute anemia. 

3) The severity of the disease is de- 
pendent upon the intensity and duration of 
the parasitic attack. It has been indicated 
that the majority of young swine in en- 
demic areas undergo infection, and usually 
are unaffected by the mild attack that re- 
sults. All infected animals probably remain 
permanent carriers. 

4) The exact mode of transmission is 
unknown, but is presumed to be by insect 
vectors. 

5) An apparently nonpathogenic blood 
parasite, designated as Eperythrozoon par- 
vum, has been observed in these experi- 
mental studies. The organism is a common 
parasite of swine in this locality. 


CONCLUSION 


The disease of swine described in the 
literature as “ictero-anemia” or “anaplas- 
mosis-like disease” is the result of acute in- 
fection with Eperythrozoon suis. Should 
additional agents be found to produce sim- 
ilar symptoms and pathology, it will be 
necessary to differentiate these from acute 
eperythrozoonosis. 
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PREVIOUS ATTEMPTS to infect mink by feed- 
ing virulent Salmonella cultures grown in 
tryptose phosphate broth (Difco) have not 
been successful.' According to available 
literature, no satisfactory method has been 
found to produce a Salmonella infection in 
foxes by per os exposures. 

The coating effect of mucin on bacteria, the 
subsequent inhibition of phagocytosis, and the 
inhibition of intraphagocytic digestion have 
been described.?.5.4.5 Therefore, it was thought 
desirable to suspend virulent Salmonella in 
mucin and feed the suspension to mink and 
foxes. Exposure trials were conducted on 
healthy and depleted groups. 


MATERIALS AND METHODS 


Bacteria.—In this investigation, Salmonella 
typhimurium (IV, V, XII...: i- 1, 2, 3...) 
was selected as the test pathogen. The culture 
was obtained through the courtesy of Dr. 
A. H. Kennedy, Ontario Veterinary College. 
This particular strain was isolated from an 
outbreak of salmonellosis in mink.* 

Preparation of Mucin.—Fifty grams of 
granular mucin (Wilson 1701-W)** were 
mixed with 1,000 ce. of distilled water and 
allowed to stand approximately forty-five min- 
utes with occasional stirring. Portions of the 
mixture were poured into a Waring blendor 
and agitated for two minutes. This produced 
a homogeneous, foamy suspension which was 
then sterilized for twenty minutes at 15 Ib. of 
pressure. The ‘oam disappeared during the 
heating. The pH of the mucin was adjusted 
to 7.3 just prior to use. 

Preparation and Suspension of Cultures. 
To increase the virulence of the organism, 
mice were used without intervening growth 
on mediums, i.¢., mouse-to-mouse passage by 
heart blood inoculation. When mice were killed 
in eighteen hours, the Salmonella was consid- 


ered virulent.+ Purity checks on each transfer 


From the Pathological Division, Bureau of Animal 
Industry S. Department of Agriculture n coop 
eratior with the e College f Washington 
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tory, Pullman, Wash. Published with permission of 
the director as scientific paper N« 73 
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in Mink and Foxes 
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were made; if contamination was found, the 
series was not used. To prepare the cultures, 
heart blood was aseptically withdrawn from 
moribund mice and inoculated into a flask 
containing 1,000 ce. of prewarmed tryptose 
phosphate broth (Difco). The flask was in- 
cubated at 37.5 C. for twenty hours. The 
broth culture was then transferred to large 
centrifuge tubes in approximately 150-ce. 
quantities and centrifuged at 2,000 r.p.m. for 
twenty minutes. Following removal of the su- 
pernatant, the organisms in each tube were 
resuspended in a small quantity of sterile 
physiologic saline. The combined suspensions 
from all the tubes totaled approximately 150 
cc. This suspension was immediately mixed 
in 1,000 ce, of the mucin preparation, pre- 
warmed to 37.5 C., and fed to the test animals. 

Isolation of Cultures.—The procedure used 
to isolate Salmonella from the feces of the 
exposed test animals was as follows: One 
gram of feces was suspended in 10 cc. of 
Kauffmann’s® tetrathionate broth and incu- 
bated overnight at 37.5 C. On the second 
day, a plate of Kauffmann's* brilliant green 
agar was streaked from the broth and in 
cubated. On the following day, two repre- 
sentative, translucent pinkish white colonies 
from the plate were cultured on Kligler slants, 
followed by culturing in urease and Felsen- 
feld’s sucrose, lactose, and salicin mediums to 
differentiate Proteus species and paracolons. 
Slide-agglutination tests with S. typhimurium 
antiserum were conducted on cultures which 
produced no change in the urease and Felsen- 
feld mediums. Final serologic confirmation 
was made through the courtesy of Dr. P. R. 
Edwards. 

Animals.—-Stock mink and foxes from the 
Fur Animal Disease Research Laboratory were 
used. The mink were standard dark and the 
foxes were Silver Foxes. The feces of the 
animals selected were cultured and none were 
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of any Salmonella or- 


found to be 
ganiams. 


carriers 


EXPERIMENTAL 


Experiment I.—-Nine mink and 6 fexes were 
used to test the per os effect of Salmonella 
suspension in mucin on healthy mink and foxes. 

On Oct. 16, 1948, 9 mink each received ap- 
proximately 50 cc. of the suspension mixed in 
their regular ration; similarly, 6 foxes were 
given approximately 100 cc. each. Feed was 
withheld on the following day. On October 18, 
the same animals were given a feeding simi- 
lar to the preceding. All animals consumed 
the mixture of feed and mucin promptly. 

All of the mink and foxes remained normal 
after both feedings and have never shown any 
symptoms suggestive of a Salmonella infec- 
tion, The feces of each animal were cultured 
on the day following the last feeding (Oct. 
19), and all specimens were found to contain 
S. typhimurium. 

Experiment 2.--Since the feeding of cul- 
tures in mucin failed to cause an infection in 
healthy mink and foxes, an attempt was made 
to lower the animals’ resistance by halving 
the daily food intake. 

A new group of animals consisting of 9 
mink and 6 foxes was selected and placed on 
the reduced ration on October 21. Each mink 
received approximately 3 oz. of regular ration 
a day, and each fox received approximately 
6 oz. Feed was withheld every seventh day. 
Water was available at all times. On Novem- 
ber 23, both mink and foxes showed evidence 
of emaciation and nervousness, and had devel- 
oped rough, unkempt coats. 

On November 24, the 9 mink and 6 foxes 
were given the Salmonella-mucin suspension. 
Each mink received approximately 50 ec. of 
the material in the ration; similarly, each fox 
was given approximately 100 cc. The animals 
ate the mixture promptly. A similar feeding 
was administered on November 26. 

No symptoms were recorded in either the 
mink or foxes. The feces were cultured fol- 
lowing the last feeding, and in all cases were 
found to contain S. typhimurium. 


DISCUSSION 


It is comparatively simple to expose mink 
and foxes experimentally with Salmonella 
organisms per os and subsequently recover 
the organisms from the intestinal contents. 

The experimental production of Salmo- 
nella infection in mink and foxes appears 


to be difficult. Previous attempts made at 
this station to produce infection by feeding 
cultures of Salmonella and Salmonella- 
infected carcasses to mink have not been 
successful.! 
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The use of virulent Salmonella organisms 
suspended in mucin and fed to normal and 
depleted mink and foxes offered no advan- 
tages over the feeding of virulent cultures 
alone. It is evident that factors occurring 
in field outbreaks were not present. 

Reports in the fur trade publications have 
greatly overemphasized the relative impor- 
tance of salmonellosis in mink. Animals 
exhibiting a diarrhea are often diagnosed 
as having a Salmonella infection, appar- 
ently without cultural and serologic con- 
firmation. The agents or factors which 
predispose to or cause a great percentage 
of the enteritides that commonly occur in 
mink have been unknown. 

Recently, Schofield’ has demonstrated a 
virus as being a cause of enteritis in mink 
in Ontario. Attempts should be made by 
other investigators in the mink-raising sec- 
tions of Canada and the United States to 
determine the presence of this agent. 


There have been field outbreaks of sal- 
monellosis in which the etiologic agent was 
subjected to antigenic analysis and posi- 
tively identified.' The percentage of Sal- 
monella isolation in cases of diarrhea is 
very low. To illustrate this contention, 
Momberg-Jorgensen and Sompolinsky in 
Denmark found only 0.6 per cent infection 
in approximately 3,000 necropsies on mink.* 
In approximately 1,000 studies on mink at 
this station, the authors have never 
lated a Salmonella species 

In contrast to mink, field outbreaks of 
salmonellosis in foxes have been frequently 
reported in North America and Europe. In 
these cases, the agent has been adequately 
identified. 


SUMMARY 


Salmonella typhimurium organisms sus- 
pended in mucin and fed to normal and de- 
pleted mink and foxes failed to cause an 
infection, 
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{nzoétic Mycosis in Mink 


H. C. MOMBERG-JORGENSEN, V.S. 


Copenhagen, Denmark 


EVEN THOUGH fungous infection (mycosis) 
occurs far less frequently in animals and 
man than does bacterial infection—and it 
is also of far lesser importance—certain 
forms of mycosis still play a role because of 
their frequency and malignant character. 
The diseases caused by fungi may be local- 
ized to various organs and produced by 
many different species. Therefore, the clini- 
cal features and  pathologic-anatomic 
changes in the affections are subject to 
wide variation. In this connection, it is 
sufficient to refer to such diseases as derma- 
tomycosis and pneumonomycosis. Mycoses 
have been described in many different ani- 
mal species.’ ? In furbearing animals, how- 
ever, mycoses appear to be rare and unim- 
portant. In the literature, reference is made 
only to dermatomycosis in foxes, namely, 
trichophytosis* and favus.‘ To this may be 
added that in a considerable number of 
foxes, mink, and nutria (coypu) examined 
in the State Veterinary Serum Laboratory 
during the period 1939 to 1949, the presence 
of mycosis was demonstrated but twice, 
namely: trichophytosis in a fox pup (case 
hitherto unpublished) and enzoétic mycosis 
in mink, with the formation of large and 
small subcutaneous lesions The latter in- 
stance will be described here in detail. 

On a mink farm on Sealand, comprising 
170 animals, 9 animals became sick in the 
autumn of 1947, The course of the illness 
and the symptoms in these animals had so 
many features in common that it seemed 
reasonable to reckon all 9 animals were suf- 
fering from the same disease. Of the 9 
animals, 4 were examined in our laboratory, 
and in each the lesion was found to be a 
form of mycosis. 


CASUISTICS 

Case 1.-About September 1, the owner no- 
ticed an ulcer on the left side of the neck of 
this animal. There was slight suppuration 
from the ulcer and a little swelling of the sur- 
rounding tissues. The ulcer was painted with 
tincture of iodine and chloramine. As this 
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treatment gave no noticeable improvement, 
the animal was destroyed on September 27. 
On examination, the left side of the neck was 
found to present an extensive infiltration of the 
musculature with greyish, rather flabby, struc- 
tureless tissue, with central necrosis and lique- 


Vrs. B. Strubberg 

Fig. 1—Part of the right front leg of mink 3. On the 

medial side of the scapula, large nodular mycotic in- 
filtrations are seen. Slightly enlarged. 


faction. Except for moderate enlargement of 
the spleen, no other pathologic changes were 
demonstrated. Cultures on serum agar from 
the cervical lesion, spleen, and liver showed 
scanty growth of various bacteria, e.g., Bacil- 
lus proteus vulgaris. Histologic examination 
showed the presence of mycosis, 

Case 2.-About September 20, a bald spot 
was noticed on the back just caudally to the 
scapulae. Within the next two days, the skin 
over this spot perforated spontaneously, with 
discharge of a small amount of pus, and a 
small ulcer was formed, covered by a crust. 
In spite of painting with tincture of iodine 
and chloramine, the condition grew worse grad- 
ually, and soon the hind part of the body was 
paralyzed. On September 27, the animal was 
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sacrificed and examined. On the back, a little 
caudally to the scapulae, there was a flattened 
process, ‘2 in. in diameter, suggesting a thick- 
walled, poorly defined abscess. It contained 
a purulent, brownish grey mass, and the wall 
of the process consisted of flabby greyish 'tis- 
sue that extended far into the musculature of 
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Fig. 2—Heart of mink 3. The myocardium shows nod 
ules projecting in several places at the site of peri- 
cardial adhesions. 


the back (with no distinct demarcation) and 
even between the vertebrae. No other lesion 
was found. ‘The bacteriologic and histologic 
findings were as in case 1. j 

Case 3.—Toward the end of September, a 
subcutaneous node was noticed inferiorly on 
the right side of the neck. Gradually, this node 
increased to a diameter of more than 1 in. 
After three weeks, it ruptured spontaneously, 
with evacuation of puslike material, and the 
node diminished considerably. On October 25, 
the live mink was sent to our laboratory. Its 
nutrition was fair, the appetite good, and it 
was quick and lively. On the right side of the 
neck, well back and down, there was a small 
opening of a fistula with scarlike margin and 
covered by dried exudate. A probe could be 
introduced about 2 cm. subcutaneously in cau- 
dal direction, and a small amount of purulent 
exudate could be squeezed out. A hanging 
drop preparation of the exudate showed some 
pus cells and a few small hyphae of fungi, part- 
ly phagocytized. After some days, the fistula 
closed spontaneously, but broke 
again. The animal died on November 13, with- 
out having shown any distinct generalized 
symptoms. At autopsy, a large amount of 
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granulomatous tissue was found in the sub- 
cutis and cervical muscles, ventrally on the 
right side of the neck. This tissue was pale, 
greyish, and contained a system of fistulous 
ducts which, in one place, led out through the 
skin. This granulomatous tissue mass had in- 
filtrated the muscles widely and extended, with 
no distinct demarcation, from the middle of 
the neck posteriorly along both sides of the 
scapula and halfway down along the humerus 
(fig. 1). The right prescapular gland was of 
hempseed size, well defined but without dis- 
tinct changes. Nodules in the myocardium 
varied in size up to \% in., were partly con- 
fluent, fairly well defined, whitish, fleshy, 
slightly prominent on the cut surface and, in 
several instances, firmly adherent to the peri- 
cardium (fig. 2 and 5). The spleen was slightly 


= 


Fig. 3—Mycotic lesion from mink 2. To the left (4) 

and above (a'}, granulation tissue with giant cells; to 

the right [b}, remnants of muscle fibers. Van Gieson- 
Hansen stains. 1 64 


enlarged. No other organs presented distinct 
pathologic changes. Smears from the cervical 
lesion and from the myocardium showed, micro- 
scopically, nuraerous fungous hyphae. Cul- 
tures malt agar and serum agar showed 
plentiful growth of fungi. Cultures from the 
liver and kidney were negative. Histologically, 
the lesions in the neck, in the myocardium, 
and in the right preseapular gland consisted of 
mycotic processes, No pathologic changes could 
be demonstrated in the spleen, kidney, liver, 
or mesenteric lymph glands. 
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Case 4.—-The owner said that early in Sep- 
tember this mink had a small “boil” on the 
upper lip. This was incised and the wound was 
treated with tincture of iodine and chlora- 
mine. Under this treatment, it healed in one 
week, but about two weeks later a node ap- 
peared on the right side of the neck. A few 
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Fig. 4—Mycotic lesion from mink 2. Necrotic tissue 
with almost effaced tissue structures and distinct fun- 
gous mycelium, with vesicular swelling in several places 
Van Gieson-Hansen stain. x 290 


days later the mink was depressed but, after 
a spontaneous perforation of the cervical node, 
it commenced to eat again. On October 25, the 
live mink was sent to our laboratory. Nutri- 
tion was fair, and the animal was lively, with a 
good appetite. On the neck, a little anteriorly 
to the right shoulder joint, a small dried crust 
of exudate was found and, after removal of 
this crust, a small fistulous opening with cica- 
tricial edges was seen. A very small amount 
of purulent exudate could be squeezed out and, 
by probing, a subcutaneous cavity was ascer- 
tained, measuring about 1.5 em. in length. Mi- 
croscopic examination of the exudate showed a 
scanty amount of partly phagocytized hyphae 
and pus cells. On October 30, a small fistulous 
opening, covered with exudate, was noticed on 
the upper lip, a little to the left, and this closed 
spontaneously after a few days. On Novem- 
ber 7, the cervical fistula was closed but, at 
the same time, the mink now had contracted a 
purulent conjunctivitis on the left side. From 
the middle of November, the mink got worse, 
refusing to eat and gradually becoming drowsy 
and disinterested. The conjunctivitis im- 
processes in the neck and 
The animal died 


proved, and the 
upper lip appeared to heal. 
on November 24. 
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Autopsy showed emaciation » Comparison of several sections from the 
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but no distinct evidence of conjunctivitis. In 
the upper lip, on the left side, there was a 
slight subcutaneous infiltration in which no 
mycelium of fungi could be demonstrated mi- 
croscopically. In the subcutis of the neck, on the 
right side and a little anteriorly to the 
shoulder joint, there was a ‘4-in. conglomerate 
of tiny firm nodules, held together by loose con- 
nective tissue, without infiltration of the sur- 
rounding tissue. Otherwise, the autopsy find- 
ings were negative and the cause of death couid 
not be established. A few of the larger nodules 
showed central with pus formation, 
and microscopic examination of this material 
showed the presence of fungi; cultures here- 
from showed growth of fungi. The cervical 
lesion was examined histologically and diag- 
nosed as a mycotic growth. No pathologic 
changes could be demonstrated in the liver, 
kidneys, and spleen. 

Concerning the remaining 5 mink attacked, 
and the appearance of the lesion, subcutaneous 
nodules formed in various parts of the animals, 
and subsequently these perforated 
the skin. Little pus was seen and some ani- 
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Fig. 5—Mycotic lesion from mink 3. Metastasis in the 
myocardium. Van Gieson-Hansen stain. « 15. 


mals died (the exact data could not be given), 
while others gradually recovered. In 1 animal 
severely attacked, a nodule appeared on the sur- 
face of one front paw and, subsequently, this 
lesion extended through the foot and per- 
forated the pad. In addition, the animal had 
subcutaneous nodules on the arm, medially and 
laterally. This animal recovered completely. 

Of the 9 animals attacked, 8 were female, 
and all of them were young, born in the spring 
of 1947. The mink had been stabled in pairs, but 
only in 1 case did 2 animals kept in the same 
cage become infected. However, as soon as the 
disease was ascertained in an animal, it was 
isolated. 
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mycotic processes in the 4 mink showed that 
each process was built up as a typical infec- 
tious granuloma, containing a variable num- 
ber of fungi hyphae. However, the different 
tissue elements varied somewhat quantitatively 
apparently signifying different ages of the 
processes. The right prescapular gland of 
mink 3 was considered to be an early develop- 
mental stage. Under low power, the marginal 
zone of the gland showed light, well-defined, 
irregular areas which, under high power, 
proved to consist of epithelioid cells together 
with a few plasma cells, lymphocytes, and 
fibroblasts. Among these cells, a good many 
fungous hyphae of most irregular form were 
seen. A few areas contained scattered poly- 
morphonuclear leucocytes, besides collagenic 
fibrils in the marginal zone. The processes on 
mink 1, 2, and 3 presented essentially the same 
features. The relative amounts of these tis- 
sue elements varied in different areas in the 
sections, epithelioid cells being predominant in 
some places, plasma cells in others. Fibro- 
blasts and collagenic fibrils were found chiefly 
in streaks, which were not sharply delimited 
from the other tissue elements but blended with 
them. Fungous hyphae of irregular form were 
abundant in areas containing many epithelioid 
cells and plasma cells, but not in the areas 
more rich in connective tissue. The giant cells 
were large, with many marginal nuclei (Lang- 
han’s type), and many had enveloped mycelial 
threads like phagocytes. The transitional 
zone between the mycotic tumor and the sur- 
rounding musculature was far from being 
sharply defined, because of pronounced infil- 
trative growth (fig. 3). Sections from the cen- 
tral parts of the lesions showed several areas 
undergoing necrotic changes with effacernent 
of tissue structures and partial or total karyor- 
rhexis. In these areas, the mycelial threads 
were often well preserved, standing out con- 
spicuously against the background of poorly 
staining necrotic tissue (fig. 4). Polymor- 
phonuclear leucocytes were scattered here and 
there in very small numbers. No eosinophils 
were seen. 
The metastases in the myocardium of mink 
3, under low power, were well defined (fig. 5), 
but under high power they showed distinctly 
infiltrative growth into the myocardium. The 
tissue was built up as in the sections described 
previously; in particular, epithelioid cells were 
very numerous. Collagenic fibrils were found 
only in scanty amounts and some rather exten- 
sive areas of necrosis were seen centrally. 
Evidently, the mycotic tumor in the neck of 
mink 4 represented a later developmental stage 
than the others. Here, connective tissue was 
abundant, with the usual cells between the 
fibrils, besides a few hyphae of fungi. The lat- 
ter often gave the impression of being degen- 
erated or dead, in contrast to the irregular 
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swollen hyphae seen in the other specimens, for 
in several places they looked peculiarly elon- 
they 


gated, as if had been stretched, and 


“shadow-like.” 


Tue FuNGI 

As mentioned previously, fungi were iso- 
lated from mink 3 and 4. Prof. Dr. J. West- 
erdijk, Centraalbureau voor Schimmelcultures, 
Baarn, Nederland, examined these fungi and 
identified them as Absidia lichtheimi (Lucet et 
Constantin) Lendner. Generally, this fungus 
grows readily on malt agar and other mediums 
rich in sugar, as well as on ordinary agar and 
serum agar. Still, there was a striking dis- 
proportion between the number of hyphae 
demonstrated and the number of colonies ob- 
tained in cultures from the same material. 
Even when a great many hyphae were seen in 
a given material, it yielded only a few colonies 
in the cultures. Specimens of pus from mink 
3 several times showed hyphae under the mi- 
croscope, yet failed to produce growth in cul- 
tures. No further review will be given here 
f the morphology and biology of Ab. lichtheimi, 
as these aspects of the fungus have been 
described." 


INFECTION EXPERIMENTS 

Experimentally, the isolated fungi proved 
strongly pathogenic for rabbits and mice when 
injected intravenously or intraperitoneally——a 
result that was quite in keeping with the find- 
ings reported in the literature concerning Ab. 
lichtheimi; hence, it will not be reported here 
in detail. 

In order to determine how mink would react 
to the injection of the fungus, and especially 
whether it might be possible, experimentally, to 
produce morbid processes similar to those 
observed in the spontaneous cases, experiments 
were conducted on 10 mink, 4 of which were 
inoculated subcutaneously, 4 intraperitoneally, 
and 2 intramuscularly. The inoculum was 0.5 
to 1.0 ml. of a suspension of an agar-slant 
culture of the fungus, several days old, in 
physiologic salt solution. Roughly, the density 
of this suspension corresponded to that of a 
well-grown bacterial culture in broth, and it 
contained numerous spores and fragments of 
mycelium, 

The results of these experiments were as fol- 
lows: 1 mink, inoculated subcutaneously, pre- 
sented a very small subcutaneous abscess in 
which mycelial threads could be demonstrated. 
The remaining 9 mink showed no noticeable 
reaction 

Four ferrets were subcutaneously injected 
with 0.5 to 1.0 ml. of the spore suspension and, 
in 3 of these animals, a small local abscess was 
formed but disappeared again after a short 
time, while the fourth animal showed no reac- 
tion. 
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Thus, the main outcome of these experiments 
was that the isolated strains of Ab. iichtheimi 
showed the usual pathogenicity for rabbits and 
mice, while they were very slightly pathogenic 
for mink and ferrets. In the latter animals, 
they were unable to produce pathologic proc- 
esses in any way comparable to those observed 
in the spontaneous cases. 


DISCUSSION 


The 4 cases of mycosis in mink here de- 
scribed are remarkable because they appear 
to be the first described in mink. and be- 
cause the morbid processes all originated 
from the subcutis. Even though the various 
forms of mycosis in mammals, excepting 
dermatomycosis and pneumonomycosis, are 
relatively rare affections, the literature re- 
ports mycosis in several species and in many 
different organs.* Generalized mycosis has 
been observed several times. Still, there is 
no report in which the mycotic lesion origi- 
nated in the subcutis and infiltrated into 
the surrounding tissue and, in 1 case, even 
metastasized to the regional lymph gland 
and to the myocardium. In mink 4, the 
morbid processes were healing spontane- 
ously, and other animals have recovered 
completely from an attack. In other words, 
the malignancy of the lesion is subject to 
very wide variation. 

The attempt to produce experimentally 
similar processes to the spontaneous cases 
have turned out negative. This indicates 
that Ab. lichtheimi, in itself, is but mildly 
pathogenic and that other contributory fac- 
tors may play a decisive role in the take of 
the infection and its subsequent course. 
These factors remain a puzzling question. 
This implies that the etiology of the fun- 
gous diseases requires further considera- 
tion. It is generally agreed that the patho- 
logic, anatomic, and histologic findings 
suggest the presence of a typical infectious 
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granuloma. The presence of fungi, while 
other microérganisms are absent, suggests 
that the fungi have produced the granu- 
loma. When the granuloma metastasizes, as 
in mink 3, and the metastases contain fungi, 
these findings decidedly point in the same 
direction. 

It seems justifiable to conclude that the 
mycotic lesions arise through infection with 
fungi when certain unknown characters 
promote this infection. 

I was unable to find at the mink farm 
any particular condition that might explain 
the enzoétic. No source of infection could 
be demonstrated, and the diet and care of 
the animals differed in no way from the 
usual, 


SUMMARY 


Nine mink on one farm became ill with 
a lesion manifesting itself in the formation 
of subcutaneous nodules. There was a tend- 
ency to central necrosis, spontaneous per- 
foration through the skin, and fistula for- 
mation. In some animals, the processes 
healed within a short time; in others, the 
processes extended infiltratively into the 
surrounding tissue; and in 1 case, numerous 
metastases were found in the regional 
lymph node and in the myocardium. Histo- 
logic examination showed these processes to 
be mycotic lesions, and cultures from them 
showed growth of Absidia lichtheimi. 
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Recovery of Viable Microérganisms and Viruses from 
Vapors Removed from Frozen Suspensions of Biologic 
Material During Lyophilization 


C. D. STEIN, V.M.D., and HERBERT ROGERS 


Washington, D. C. 


THE FACT THAT laboratories may become 
contaminated and laboratory workers may 
sometimes become infected while handling 
virulent material in accordance with gen- 
erally accepted laboratory techniques should 
receive serious consideration. Recently, 
new light has been focused on this problem 
by Johansson and Ferris' who, by employ- 
ing certain air-sampling techniques and by 
high speed photography of airborne par- 
ticles during bacteriologic operations, dem- 
onstrated that bacterial contamination of 
the laboratory and surrounding atmosphere 
may occur during such ordinary procedures 
as pipetting, pouring, and transferring of 
suspensions of microérganisms. 

Additional evidence on some aspects of 
laboratory contamination was obtained in 
previous studies by the authors,? who dem- 
onstrated that viable spores may escape into 
the atmosphere when spore suspensions of 
Bacillus anthracis or Bacillus cereus in 
sterile distilled water are heated in open 
containers, and that viable anthrax spores 
may occur in the distigiate from anthrax 
spore suspensions. 

When the necessity arose to lyophilize 
(desiccate under high vacuum) anthrax 
spore suspensions, the observations made 
by the authors in the above-mentioned 
studies suggested the possibility that viable 
anthrax spores may occur in the vapors re- 
moved under vacuum from anthrax spore 
suspension during lyophilization and thus 
contaminate the lyophilizing apparatus and 
possibly the laboratory with anthrax spores. 
Rapid dehydration, under high vacuum, of 
biologic material in the frozen state, such 
as serum, microOrganisms, and viruses, is 
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an extremely effective method of preserving 
such material and is now being widely used 
in various laboratories for this purpose. 

Munce and Reichel® reported that hog 
cholera virus of blood origin was stil] in- 
fective for at least 1,125 days following 
such treatment. 

Bureau investigators have found that, 
following lyophilization, the pathogenicity 
of Salmonella choleraesuis can be main- 
tained for at least ten years,‘ the patho- 
genicity of Pasteurella bubaliseptica for at 
least nine years,® and the virulence of 
equine infectious anemia virus for at least 
thirty-two months.® 

The regular equipment employed by this 
laboratory for high vacuum desiccation of 
biologic material in the frozen state is 
known as the Flosdorf-Mudd lyophil appa- 
ratus with some modifications. The pro- 
cedure consists in attaching long-necked 
glass ampules, containing suspensions of 
rapidly frozen biologic material, to the ap- 
paratus for rapic dehydration under high 
vacuum. 

Under these conditions, the frozen mois- 
ture contained in the biologic material un- 
dergoes sublimation, leaving the material 
in the ampules in a dried, porous, and 
readily soluble state. All the vapor removed 
from the material is condensed and con- 
verted to a frozen mass (distillate) in a 
condenser immersed in a refrigerant con- 
sisting of a dry ice-alcohol mixture. This 
serves to maintain the vacuum and prevent 
passage of moisture into the vacuum pump. 
After eighteen to twenty-four hours of op- 
eration, all but about 2 per cent of the mois- 
ture has been removed from the suspension 
of biologic material in the ampules, which 
are then flame sealed under vacuum and 
stored for future use. 

The large size of this apparatus and the 
manner in which it was assembled made it 
impractical to sterilize it in an autoclave 
following each operation. Therefore, before 
the lyophilization of anthrax spore sus- 
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pensions could be undertaken, it was neces- 
sary to devise a similar, but smaller, ap- 
paratus that operated on the same principle 
and could be easily assembled and sterilized. 


MATERIALS AND METHODS 


A special lyophil apparatus on a small scale, 
similar in design and operation to the regular 
equipment used in this laboratory, was em- 
ployed in carrying out these experiments. This 
apparatus was constructed with a 12-prong 
glass pipette, glass tubing, rubber tubing, a 
rubber stopper, and a glass filter flask, and was 
assembled so as to permit complete steriliza- 
tion of the equipment after each operation (see 
fig. 1). The lyophilization procedure was car- 
ried out as follows. 

The suspension of the material to be dehy- 
drated was transferred to 4-ce. glass ampules, 
1 cc. to each ampule. The necks of the ampules 


were thoroughly flamed and plugged with cot- 
ton. The suspensions in the ampules were rap- 
idly frozen at a temperature of 
cotton plugs were removed, 
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and the ampules 
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were attached to the apparatus for rapid 
desiccation under high vacuum. After four 
to eighteen hours of dehydration, the ampules 
were flame sealed under vacuum. 

Under a high vacuum, ranging from 50 to 
10 «, as determined with a Stokes-McLeod 
gauge (Flosdorf modification), the moisture in 
the frozen suspension of biologic material was 
vaporized. The vapor thus formed was con- 
ducted into a refrigerated condenser main- 
tained at a temperature of —78 C., where it 
was recondensed and converted into a frozen 
mass (distillate). Following completion of 
lyophilization, the frozen distillate in the con- 
denser, which represented the condensed vapor 
removed from the biologic material, was al- 
lowed to thaw at room temperature and was 
tested for the presence of viable organisms. 

During the process of lyophilization, a cot- 
ton filter plug in glass tubing was inserted in 
the rubber tubing connecting the condenser 
with the vacuum pump to prevent any organ- 
isms that might escape from the condenser 
from entering the vacuum pump. Cultures 
made of the oil in the vacuum pump and re- 


bing onnecting glass vials with multiple 


(1) Glass ampule containing fre n suspension ; ( rubber 
glass pipette (3) multiple glass pipette with 12 prengs; (4) vapor (5) rubber tubing (6) rubber stop- 
per; (7) condenser (pyrex f r flask) (8S) refrigerant (dry ice and aleohol) is ( (9) Vacuum 
jar (10) frozen distillate fr vapor 11) outlet in filter flask ‘ ' absorbent itton filter in glass 
tubing (13) Tes! used ciass tubing for attachment of vac m gauge and vacuum pump 


Fig. |—Lyophil apparatus used for rapid high vacuum desiccation of frozen suspensions of biologic 


material. 
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peatedly of the cotton filter plugs following 
operation of the apparatus indicated that ne 
organisms escaped from the condenser. 

Following each operation and after the flame 
vacuum-sealed ampules of lyophilized material 
had been removed from the apparatus, it was 
sterilized in an autoclave at 15 lb. of pressure 
for thirty minutes. 

After sterilization and before being used for 
lyophilization, the apparatus, with sterile, 
empty ampules attached, was connected to the 
vacuum pump and gauge and operated for 
about one hour to dry the apparatus thor- 
oughly and establish a vacuum of at least 50 « 
or lower. 

For the detection of microérganisms in the 
condensed vapor removed from dehydrated cul- 
tures, 0.1 cc. was seeded onto several agar 
plates, agar slants, nutrient broth, or other 
suitable types of mediums, such as Dorset egg 
medium for Mycobacterium tuberculosis and 
liver dextrose in Smith tubes and thioglycclate 
mediums for Clostridium chauvoei. Cultures 
were incubated for twenty-four to seventy-two 
hours and, when growth occurred, were sub- 
jected to further bacteriologic examination 
when necessary to establish their identity. In 
some instances, pathogenicity tests were made 
on laboratory animals. The number of colonies 
appearing on the agar plates and the extent of 
bacterial growth on other types of mediums 
indicated the degree of contamination occur- 


ring in the vapor removed from the dehy- 


drated cultures. For a control on each sample 
processed, a culture test was also made on each 
lyophilized culture for viability. 

In these studies, the condensed vapor re- 
moved during lyophilization of culture suspen- 
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sions of the following microérganisms was 
tested for viable organisms: B. anthracis, B. 
cereus, Brucella abortus, Erysipelothriz rhu- 
siopathiae, Brucella bronchiseptica, S. chol- 
eraesuis, Streptococcus equi, Shigella equirulis, 


Fig. 2—Anthrax colonies on surface of plain ager plate, 

24-hour growth, seeded with 0.! cc. of condensed vapor 

removed from frozen anthrax spore suspensions during 

lyophilization. Experiment 4, series A. Number of 

colonies indicates extent of contamination of distillate 
with spores. Approximately '/, reduction. 


Listeria monocytogenes, Serratia marcescens, 
P. bubaliseptica, Pasteurella boviseptica, Pas- 
teurella M. tuberculosis (avian 
strain), and Cl. chauvoei. 


With the exception of the cultures of Cl. 


suiseptica, 


TABLE |—Series A—Experiments with Bacillus Anthracis and Bacillus Cereus 
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chauvoei and M. tuberculosis, the culture sus- 
pensions prepared for dehydration represented 
a suspension of a 24-hour or older bacterial 
growth from agar slants in sterile skimmilk. 
The M. tuberculosis suspension consisted of a 
two-week growth from tuberculosis-glycerin 
broth medium in sterile skimmilk, and the Cl. 
chauvoei suspension represented an eighteen- 
hour growth of the organism in thioglycolate 
broth. 


Studies were also made to determine if virus 
could be detected in the vapor removed from 
frozen suspensions of different types of virus 
during lyophilization. In these experiments, 
suspensions of the viruses of Newcastle dis- 
ease, vesicular stomatitis, equine infectious 
anemia, equine encephalomyelitis, and hog 
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cholera were used. To determine if the con- 
densed vapor from viruses contained active 
virus, the material was injected into chicken 
embryos or appropriate animals. 


EXPERIMENTAL DATA 


Series A Experiments.—In these prelim- 
inary experiments to determine if viable micro- 
organisms were present in the vapor recovered 
from frozen suspensions during lyophilization, 
three runs were made with spore suspensions 
of B. anthracis, one run with suspensions of 
sporulating organisms of B. anthracis, one run 
with suspensions of vegetative organisms of B. 
anthracis, and one run with spore suspensions 
of B. cereus. 

The results of these experiments are given 
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in table 1 and indicate that numerous viable 
spores passed over with the vapor removed 
from the spore suspensions of B. anthracis and 
B. cereus (fig. 2), whereas only a few viable 
organisms were present in the vapor removed 
from the suspensions of sporulating or vege- 
tative organisms of B. anthracis. Further- 
more, the condensed vapor from spore suspen- 
sions of an attenuated strain of B. anthracis 
was pathogenic for mice when injected sub- 
cutaneously, and broth cultures made from the 
condensed vapor of the spore suspensions of 
attenuated strains and from suspensions of 
vegetative organisms of Pasteur No. 2 strains 
were pathogenic for both mice and guinea pigs 
when injected subcutaneously. 

Series B Experimentsa.—The results obtained 
in the preliminary studies with aérobic spore- 
bearing bacilli (B. anthracia and B. cereus) 
suggested the possibility that viable organisms 
may pass over with the vapor removed from 
other types of microérganisms during lyophil- 
ization and, consequently, a second series of 


Time 

Identity Kind of lyophi 

Exp of frozen suspension lized 
Ni virus lyophilized thr.) 
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TABLE 3—Series C—Experiments with Viruses 


experiments was set up and carried out with 
16 miscellaneous types of microérganisms. 
The results of these experiments are set 
forth in table 2 and indicate that viable micro- 
organisms were present in the vapor removed 
during lyophilization from suspensions of cul- 
tures from the following organisms: Shig. 
equirulis, L. monocytogenes, M. tuberculosia, 
Br. abortus, Ery. rhusiopathiae, Br. bronchi- 
septica, S. choleraesuis, Str. equi, S. marces- 
cens, and P. suiseptica. In some instances, only 
a few viable organisms were recovered from 
the condensed vapor whereas, in other experi- 
ments, numerous organisms were present, indi- 
cating a fairly heavy contamination. However, 
during these studies, no viable organisms could 
be demonstrated in the vapor from one strain 
of P. boviseptica, two strains of P. bubali- 
septica, and two strains of Cl. chauvoei. 
Broth cultures made from the condensed 
vapor removed from a virulent strain of Ery. 
rhusiopathiae were pathogenic for mice in 
forty-eight hours when injected subcutaneously. 
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Control tests carried out with all the cul- 
tures used in these experiments indicate that 
they were all viable following lyophilization. 

Series C Experimenta.—in these studies, 
attempts were made to determine if any viruses 
were present in the vapor removed from frozen 
suspensions of different kinds of virus during 
the process of lyophilization. The viruses of 
Newcastle disease, vesicular stomatitis, equine 
encephalomyelitis, equine infectious anemia, 
and hog cholera were used in these experi- 
ments. 

The results of these experiments are given 
in table 3 and indicate that, of the five different 
virus suspensions lyophilized, virus could be 
demonstrated only in the vapor removed from 
the suspension containing Newcastle disease 
virus. 

Although we were unable to demonstrate by 
animal-inoculation tests the presence of virus 
in the vapor removed from suspensions con- 
taining the viruses of vesicular stomatitis, 
equine encephalomyelitis, infectious 
anemia, and hog cholera, it is within the realm 
of possibility that viruses may have been pres- 
ent in the vapor frorn some of these suspen- 
sions but in insufficient amount to produce 
lesions or symptoms in susceptible test animals. 
For example, in previous studies with the virus 
of equine infectious anemia,’ it has been shown 
that the injection of the virus in high dilution 
into susceptible horses may produce a sub- 
clinical type of the disease. 


equine 


SUMMARY AND CONCLUSIONS 
Evidence was obtained that viable micro- 
organisms or viruses may be present in the 
vapor removed from frozen suspensions of 
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biologic material by high vacuum desicca- 
tion (lyophilization ). 

Since such vapors may contaminate the 
lyophil apparatus with the type of material 
being processed, it appears advisable to 
sterilize the equipment immediately follow- 
ing its use. This procedure will obviate the 
possibility of laboratory contamination and 
infection of laboratory workers from sub- 
sequent handling and operation of the ap- 
paratus. 

The construction of a lyophil apparatus 
on a small scale from materials commonly 
used in laboratory work, for use in process- 
ing dangerous material and which can be 
readily sterilized, is described. 


References 
K. Lt. and Ferris, D. H., 
Capt. C. W. 8 Photography of Airborne Particles 
During Bacteriological Plating Operations. J. Infect. 
Dis., 78 (1946) [8.2952 
*Stein, C. D., and Rogers, He 
Viable Anthrax Spores fr Vapors of Heated 
Anthrax Spore Suspensions and from the Distillate 
from Anthrax Spore Suspensions. Am. J. Vet. Res., 
7, ©1946): 481-48 
and Reichel, John: The Preserva 
by Desiceation Under 
€1943): 270-275. 
L. ©., and 
Salmonetla 
Lyophill- 


Johansson, 


rbert Recovery of 


Choleraecauia 
zation. Am 4 

Stein, C M. ar A 

Pathogenicity Pasteurella 
Bubaliseptica 

t nfe nemia, Chief of 

Animal Indus- 


belinical) 

of Ka by Mo 
(Psorophora Colu d Injection of the 
Virus in Extremely ‘lution. J.A.V.M.A., me 


(1943): 163-169 


H 
tr 


1950 sy VETERINARY Menicat Association 


Printed im the U.S.A. 


P 
‘eke 
ox 
4 


as the morning mail... 


* 


There they are, waiting for you each morning . . . all yesterday's tissues: 
avtometically processed overnight by your own selected technique. 


Dependable, day-in, day-ovt schedule ...and normal routine in 
Autotechnicon-equipped laboratories the world over. Autotechnicon is 


versatile . . . it fixes, dehydrates, washes, infiltrates, stains . . . delivers 
beautifully finished tissues of superb diagnostic potential . . . with the plus 
factors of economies in time, labor, moterials. A brochure describing 


avtomatic tissve processing 
by any histologic technique 


TUS 
215 EAST 149th STREET © NEW YORK 51, N.Y. 


lable 
i 
Autotechnicon is available. May we send it? 
af 
; 
flare) 
OF 
a 
i 


